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THE  FALL  OF  THE  QUEBEC  CANTILEVER 

BRIDGE 

ONE  OF  THE  GREATEST  ENGINEERING  DISASTERS  IN  HISTORY 


[HV  prrnent  hrrewith  an  extended  aMrart  of  the  dfneripiire  artictr  and  aiitorifil  cfunment  an  this 
appaUing  catantrvpkr  ajgpearintf  in  the  **Enffin€ering  Newtf'*  of  Sfptemt»er  6,  and  prrparrd  Inf  turo  of  %t» 
edtion  on  the  ground  after  an  ejchauntire  examination  of  the  rutns  of  the  ntrurtnre^an  instance  of 
frportonal  rnterprine  rarely  met  with  in  speciaiited  joumaliitm.  Through  the  nmrteity  of  the  journal 
itiomed  ure  are  enalkled  to  aa-ompang  the  text  with  many  of  the  original  iHustrationn.—Ed,  T,  L."] 

men  who  posed  as  euglneers.  Often  it  has 
happened,  where  an  engineering  work  hag 
failed,  that  the  failure  has  been  traced  to  the 
blundens  of  some  quack  wearing  the  profes- 
sional garb.  But  at  Quebec  the  work  was  in 
charge  of  men  of  long  experience  and  the 
highest  professional  standing;  so  much  the 
more,  therefore,  must  the  profession  hear  the 
responaibllity. 

There  is  another  fact  which  makes  this  dis- 
aster a  peculiarly  heavy  blow  to  the  engineer- 
ing profession.  Of  all  bridge  structures  in  the 
country  which  were  expected  to  be  built  with 
absolute  safety  and  certainty,  we  take  It.  the 
Quebec  Bridge  la  foremost.  We  know  of  no 
engineering  structure  anywhere  whose  failure 
would  have  been  a  greater  surprise  to  the 
profession  than  this  collapse  at  Quebec. 

The  fall  of  this  bridge  ranks  with  the  great- 
est engineering  disasters  in  history.  In  our 
impreasion.  Indeed,  it  is  the  greatest.  The 
bridge  was  to  be  of  unprecedented  site.  The 
higheet  acquirements  of  the  bridge-builders' 
art  were  called  Into  service  for  Its  conatrue- 
tlon.  The  most  elaborately  careCal  predeter- 
mination marked  all  stages  of  its  erection  mm 
well  aa  Its  design.  Before  it  actually  fell 
every  one  competent  to  speak  would  have  said 
that  failure  was  an  engineering  Impossibility. 
Now,  the  20,000  tons  of  steel,  piled  along  the 
foreshore  and  In  the  river — some  of  it  In  200 
ft.  of  water — bears  witness  to  Its  possibility. 

The  facts  about  the  structure  and  Its  col- 
1» 


The  great  Quebec  Bridge  over  the  St.  Law- 
rence River,  half  completed,  failed  suddenly 
on  Thursday  afternoon.  Aug.  29,  1907,  and 
collapsed  into  a  gigantic  scrap-heap.  It  was 
15  mins.  before  the  end  of  the  day's  work, 
and  S5  men  were  on  the  bridge.  Eleven  were 
rescued,  more  or  less  seriously  injured.  Of 
the  74  dead  about  20  bodies  have  been  re- 
covered. 

When  the  newspapers  on  the  following 
morning  spread  the  news  of  the  terrible  dls* 
aster  to  every  corner  of  the  country,  thou- 
sands of  engineers,  as  they  read  the  story, 
were  grieved  and  sick  at  heart.  They  felt  not 
only  horror  at  the  fearful  loss  of  life,  sorrow 
and  sympathy  for  their  brothers  whose  pro- 
fcaslonal  and  business  reputations  were  dealt 
a  cruel  blow  when  that  huge  steel  structure 
fell  Into  the  St.  Lawreni-^.  but  also  a  sense  of 
personal  loss  as  well. 

It  could  not  be  otherwise.  Public  confi- 
dence in  engineers  and  engineering  constrnc- 
tora  and  In  the  safety  and  reliability  of  their 
works  is  an  asset  of  the  whole  engineering 
profession.  To  have  this  public  confidence  re- 
ceive such  a  blow  as  this  at  Quebec  la  a  losa 
almost  Incalculable.  For  decades  to  come,  the 
Quebec  disaster  will  be  quoted,  in  public  and 
In  private,  as  an  unanswerable  proof  of  the 
nnrellablllty  of  engineers  and  their  works — 
of  even  the  best  engineers. 

For  It  cannot  be  said  in  this  caae  that  the 
dlsaaier  was  due  to  the  work  of  incompetent 
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lapse.  MM  far  aa  determinable   io    the  two  or 
three  days  available,  are  briefly  as  folluwn: 

DESCRIPTION   OF   THE    HRIDUE. 

The  Quebec  Bridge,  rrusslng  the  St.  I^w- 
rence  about  9  ml  leu  above  Quebec,  where  the 
rtver  to  nearly  half  a  mile  wide  and  200  ft. 
deep  In  nild-i*hannel,  was  to  have  tne  longeit 
span  of  any  bridge  iu  the  world — l^soo  ft.,  ex- 
ct-edlns  the  span  of  the  Flrth-of- Forth  bridge 
by  90  ft.  Like  the  latter,  it  is  a  cantilever 
bridge.  Its  total  length  1h  o,240  ft.,  compris- 
ing two  approach  deck  spans  of  220  ft.  each, 
and  a  cantilever  structure  2.800  ft.  long,  made 
up  of  two  500*ft.  anchor  arms,  cantilever  arms 
of  562 Vfc  fu,  and  a  suspended  span  of  675  ft. 
The  clearance  above  high-water  was  to  be  150 
ft.  for  a  distance  of  1,200  ft.  Two  railway 
tracks,  two  electric  car  tracks,  two  roadways, 
and  two  footways  were  provided.  The  enor- 
ttjous  dimensions  and  great  live  load  made  the 
bridge  a  huge  structure  in  every  sen^e.  The 
main  towers  or  |>osts.  ul3  ft.  long  between 
end  pin  centers,  rose  tu  a  height  of  about  400 
fL  above  high  water.  The  principal  members 
were  of  phenomenal  dimenKions.  The  sec- 
tion of  the  compression  chord  44  a  &V&  ft.. 
and  of  the  main  tower  pot^t,  0  •.  10  ft.,  exem- 
plify this.  In  general  the  structure  was  pin- 
connected,  employing  rows  of  15-in.  eyebars 
for  Its  top-chord  chain  and  all  other  main 
lenslon  members:  the  compression  members 
generally  had  riveted  connections,  but  the 
poata  were  pin-connected  to  the  bottom  chords 
and  the  latter  were  pin-connected  to  the 
shoes,  resting  on  the  2  4 -in.  pin  which  carried 
the  main  post. 

It  was  to  form  a  very  important  link  In  the 
Caaadian  railway  system;  several  railway 
lines  were  to  connect  with  each  other  and  the 
Grand  Trunk  I'aciflc,  now  building,  cross  the 
St.  Ljiwrenc*e  over  this  brldgo.  Some  of  the 
principal  dimensinmt.  grouped  in  tubular  form. 
are  as  follows: 


Approach    fpan«.    luiti. 
Aoraor  ann*.  t^i  b 

CanlllrTer  niMn 

CantUavrr   anna.    «i>h. 

ipSII 


l-.M  f I. 

.%«*»  ft. 

l.»*W  ft. 

.VVJ*,  ft. 

rt7.*i  V. 

Width  of  brldir  (■••nif*r  lo  •••iKit  *»t  wu^nv*. . . .         t'lT  fL 
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The  progress  of  th*>  erect  l«in.  i»ut  into 
words.  In  thus  The  piiTs  having  Ikh^u  built 
und«*r   a   »i*parati'  runt  nut.   the    falsework   for 


the  south  anchor  arm  was  built  In  1905.  and 
In  1906  the  entire  south  cantilever,  i.  e..  the 
anchor  arm  and  the  cantilever  arm.  was 
erected.  In  the  present  season.  1907.  the 
falsework  for  the  north  anchor  arm  was  built. 
It  had  been  Intended  to  continue  on  the  south 
side  to  erect  the  south  half  of  the  suspended 
span  by  means  of  the  main  traveler,  a  great 
outside-running  Kuntry  structure,  weighing 
1.100  tons,  and  large  enough  to  embrace  the 
highest  portion  of  the  315  ft.  tower-bent  over 
the  main  pier.  Hut  the  desire  of  the  govern- 
ment to  see  the  bridge  completed  In  1908,  the 
tercentenary  of  the  founding  of  Quebec, 
caused  the  contractor,  the  Phoenix  Bridge 
Co.,  of  Phoenlxville.  Pa.  (who  had  also  de- 
signed and  built  the  structure  and  erection 
equipment),  to  hiart  dismantling  the  main 
traveler  so  as  to  move  it  over  to  the  north 
side  and  begin  erecting  the  north  cantilever. 
A  smaller  traveler,  weighing  2riO  tons,  and 
running  on  the  top  chords,  was  built  for  erect- 
ing the  suspended  span.  This  traveler  was 
prosecuting  the  erection  of  the  buspended 
span  at  the  time  of  the  acddent 

Thus,  no  part  of  the  north  half  of  the 
bridge  was  concerned  In  tho  atri(l«>nt.  but  only 
the  south  half,  which  was  ni>arly  (*oniplete. 
The  diagram.  Fig.  2.  shows  the  half  bridge 
as  it  would  be  when  completed.  This  diagram 
would  represent  the  south  half  seen  from  the 
east  side  (called  the  right-hand  side:  a  mem- 
ber of  the  east  truss  is  denoted  by  the  sufflz 
"U"  in  the  marking  of  the  truss  members; 
thus  ALP3K  is  the  lower  section  of  main  post 
3  of  the  anchor  arm.  right-hand  or  east  truss). 

We  have  represented  by  another  diagram. 
Fig.  0.  the  condition  of  the  bridge  at  the  time 
of  its  fall.  Three  sub-panels  of  the  suspended 
span  had  been  erected  complete,  lateral  brac- 
ing included.  The  fourth  panel  was  Just  be- 
gun; the  bottom  chord  had  been  swung  to 
place,  bolted  at  its  fl«*Ul  splice,  and  at  Its  for- 
ward end  hung  by  clings  from  the  overhang 
of  the  traveler.  The  lower  eycbar  diagonal, 
shown  dotted,  was  on  the  bridge  ready  to  be 
put  In  place.  The  separate  eyebars  compos- 
ing it  were  clamped  together  and  In  slings  for 
hoisting  into  position  and  pinning  to  the  outer 
end  of  the  bottom  chord  section. 

The  view.  Fig.  1.  taken  on  the  day  before 
the  c(»l lapse,  exemplifles  the  manner  of  prog- 
ress. 

PO.SSIHI.G  CWrSES  OF  UKIDGIS   FAILURES. 

What  could  have  happened  to  tlii!«  tnwor- 
Ine  fabric  of  steel  to  send  It  crashing  ino  the 
liver? 
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One  rapidly  canvasses  the  possible  causes 
of  accident  to  bridges  under  construction. 
Traveler  failures  are  a  prolific  source  of  dis- 
aster to  bridges  under  construction;  but  the 
traveler  on  tfalB  huge  structure  as  much  a 
matter  of  anxiously  careful  construction  and 
handling  as  the  bridge  Itself.  Connections 
left  partially  riveted   or  otherwise  unsecured 


Falling  pier  foundations  wrecked  a  great 
bridge  over  the  St.  Lawrence  at  Cornwall, 
Ont.,  not  many  years  ago;  but  at  Quebec  the 
piers  supporting  the  huge  cantilevers  were 
founded  In  moderate  depth  of  water  and  the 
supporting  material  was  tested  with  diamond 
drills  to  remove  the  last  fraction  of  doubt  as 
to   Its  reliability  at  great  depth.      The  piers 


—HALF  DIAGRAM  OF*  THB  QUBBBC   CAN'TrLGVER    BRIDGB. 


are  another  prollBc  source  of  erection  acci- 
dents; but  In  building  this  great  pln-cohnect- 
ed  cantilever  all  the  main  members  had  to  be 
erected  complete  as  the  work  progressed;  and 
there  was  no  reason  whatever  for  delaying 
full  wind  and  sway  bracing — as,  indeed,  it  was 
not  delayed.  In  some  types  of  bridge  struc- 
ture there  Is  chance  for  doubt  as  to  actual 
stresses;  braced  arches,  continuous  girders, 
and  suspension  bridges  are  examples.  But  In 
a    flitaple    cantilever    there    Is    absolutely    no 


themselves  were  of  high-claEs  masonry;  there 
was  no  reason  In  that  region  of  l.aureiittan 
rock  for  using  any  but  the  soundest  Etone. 
Even  if  considerable  settlement  of  a  main  pier 
were  to  occur  while  the  cantilever  was  under 
erection,  It  seems  Inconceivable  that  it  should 
set  up  such  stresses  In  the  superstructure  as 
to  cause  its  complete  collapse  without  a  mo< 
ment's  warning. 

The  usual  causes  of  disaster  In  bridge  erec- 
tion seem,  therefore.  Improbable  as  causes  of 


chance  for  doubt  as  to  stresses.  Failures  of 
hoisting  apparatus,  with  fall  of  main  members, 
have  occurred  In  bridge  erection;  but  they  sel- 
dom wreck  the  whole  structure  and  least  ot  all 
would  they  be  expected  to  do  so  on  the  outei- 
arm  of  a  cantilever  bridge,  nor  at  all  In  a 
structure  of  such  massive  proportions  as  (hat 
at  Quebec. 


the  wreck  at  Quebec.  We  are  led,  therefore, 
t'o  turn  to  other  causes  peculiar  to  the  striii;- 
tiire  ItEelf.  The  Quebec  bridge  was  to  con- 
slat  of  two  great  cantilevers,  wiih  their  rivyr 
arniH  connerted  by  a  suspended  span  075  fi'et 
long.  In  erecting  Ihis  suspended  spaa  strt'St^es 
are,  of  course,  produced  in  the  cantllfver 
greater   than    thoiie   due   to   the   deud    lo.id    of 


lAI.l.  u[    TIIK  QUEBEC  BRIDGE 


tb*  qwa  Kn«r  It  Ut  contwclod.  TfaPM  crettlon 
•irMMW  ani^  o(  coutmi.  nccaralely  computable: 
l»«t  ll  la  natural  to  wuniler  whether  HulBclcnl 
proTlatoB  waa  tanUr  (o  nustaln  th«m.  An  er- 
ror waa  made  juimewbrrv,  of  cuurM,  or  the 
brldco  vould  t)t»«  bo  atandlns.  and  ao  error 
H  ihU  point  mar  aeoin  leaa  Improbabl*  Uian 
*n  trrror  of  mhd>  other  oorl. 


at  aatv  air«iia  on  long  atecl  foIuiudb  oI  uciip- 
Uonal  hIk*  In  by  no  moana  perloct 

No  one  can  doutt  thai  (ho  daclRuera  of  ibia 
Immenit-  slrui^turu  u»«d  the  Iwst  data  at  tbalr 
eommtind  In  pro|iorllonlHK  liolb  tcnxlon  and 
compremlon  mftmbora  tu  tbo  loads  upon  tliam; 
hot  In  ualng  irxpnrltDc*  on  IvMer  •trncturM 
(or   tlie   d(!*tgn   of  sreatar   lh«m    I*   alwaya   a 


■  rWM  tap-thart  ■}< 


ACBln.  tiila  brldgo  oxcffodvd  all  atructures 
ltn«totora  errciml  In  tlie  also  of  lu  main  niL'm- 
Wt«.  ll  did  (hU.  nKVMarll]^.  bentiive  of  (h«  ■ 
bnuttb  of  the  ap«a.  So  far  &■  the  oyebara  are 
concofiuid.  V4iUBl>r  tari»  bArs  have  boon  UMd 
u«  aooie  other  i[r«At  bridges,  and  the  bMvler 
lUMaM  In  thv  Qnabn  brldita  were  provided 
for  by  nal&K  a  larger  number.  In  comprea- 
atoK  nvaibara,  hiiwevrr.  nil  prevlou*  >li«s  wurn 
aimaaarllr  uoetded.  With  the  dUsstor  al 
QvabM  r»cln<  the  profeaalun.  It  la  wall  to  con- 
to*  that  uar  kiwwhidgo  of  the  actual   llmlta 


chanrv  ibst  some  element  tinlmporlant  In  tha 
amall  work  wUI  become  Important  In  Ui« 
la  rice  r. 

TUB  APPARBNT  CACSK  OP  PAJLURB. 

At  tttd  time  thla  U  written,  at  Quobec.  on 
tbf  fourth  day  aflcr  th«  wreck,  the  Inltlnl 
cause  of  ihe  wreck  appeara  to  he  the  (allure 
of  9omo  romprrulon  member  In  the  andtor 
ami  of  (he  cantilever. 

It  U  Important  to  trace  the  analyala  leadlnc 
to  ihU  c-onct union. 
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(1)  Neither  the  main  pier  nor  the  anchor 
pier,  show  the  slightest  sign  of  settlement  or 
failure.  They  are  monumental  examples  of 
high-class  masonry,  and,  except  for  a  few  cop- 
ing stones  displaced  or  broken  by  the  falling 
superstructure,  both  piers  are,  to  all  appear- 
ance, absolutely  uninjured. 

(2)  The  initial  failure  was  not  in  a  tension 
member.  This  is  so  important  that  we  deem 
it  well  to  show  the  proof  in  detail  as  follows: 

a.  Had  a  tension  member  failed  first  it 
would  have  snapped  with  a  loud,  sharp  report 
or  a  series  of  reports  as  successive  eyebars  in 
a  panel  parted,  which  would  have  impressed 
every  eye-witness.  All  accounts  agree  that  the 
very  first  yielding  was  silent.  The  first  warn- 
ing was  when  the  men  felt  the  floor  sinking 
beneath  them. 

b.  Had  a  tension  member  failed,  especially 
one  of  the  top-chord  members,  the  structure 
would  have  dropped  instantly,  like  a  falling 
body.  The  failure  did  not  occur  in  this  way. 
The  hazy  accounts  given  by  eye-witnesses 
agree  in  the  one  fact  that  the  collapse  was 
rather  gradual,  at  least  in  its  first  stages. 

c.  The  eyebars  of  the  upper  chords  of  the 
anchor  arm  are  intact,  unbroken  and  still 
joined  in  a  continuous  chain,  from  the  bottom 
of  the  anchor  pier  clear  across  the  pile  of 
wreckage,  over  the  top  of  the  main  pier  until 
they  disappear  in  the  waters  of  the  St.  Law- 
rence. 

(3)  The  failure  did  not  occur  in  a  compres- 
sion member  of  the  river  cantilever  arm. 

If  a  strut  had  collapsed  somewhere  near  the 
end  of  the  river  cantilever,  the  rest  of  the 
structure  shoreward  would  have  remained 
standing,  or,  at  least,  would  have  very  slowly 
collapsed  progressively  and  probably  not  far 
toward  shore.  All  accounts  agree  with  the 
appearance  of  the  anchor-arm  wreckage  in 
showing  that  the  failure  did  not  occur  in  this 
way. 

(4)  The  failure  was  in  a  main  truss  mem- 
ber and  not  in  any  of  the  cross  bracing. 

All  the  wind  and  sway  bracing  was  in  place 
and  fully  connected,  and  there  was  no  wind 
of  any  account  when  the  bridge  fell.  Further, 
the  trusses  fell  quite  generally  in  the  plane 
of  their  original  position.  The  evidence  of 
witnesses,  moreover,  speaks  of  no  sidewise 
swinging,  but  only  of  the  downward  motion. 

(5)  The  probabilities  are  against  the  fail- 
ure beginning  in  a  main  post  above  the  floor 
level.  The  time-keeper,  who  was  facing  the 
probable  point  of  failure,  had  his  first  warn- 
ing by  feeling  the  floor  yielding  beneath  him. 
A  buckling  upper  post  within  a  hundred  feet 


or  so  of  him  would  almost  certainly  have  been 
seen. 

(6)  No  indication  as  to  the  probable  point 
of  failure  is  to  be  seen  in  the  fact  that  the 
wreck  of  the  anchor  arm  on  the  foreshore  lies 
slightly  to  the  east  of  its  original  position. 
The  center  of  gravity  may  be  8  to  10  ft.,  more 
or  less,  east  of  its  location  when  the  span  was 
in  position  on  the  piers.  But  when  the  great 
height  of  fall  is  considered,  it  is  impossible  to 
conclude  anything  but  chat  the  structure,  or 
its  anchor  arm  at  leasts  went  down  in  perfect 
verticality. 

Thus  the  probability  is  established,  we 
think,  that  a  compression  member  in  the  an- 
chor arm,  and  that  member  not  a  post,  but  a 
section  of  the  bottom  chord,  was  the  seat  of 
initial  failure. 

At  present  the  explanation  of  greatest  prob- 
ability is  the  failure  of  the  ninth  left-hand 
bottom  chord.  This  explanaiion  rests  on  one 
most  weighty  fact:  Of  all  the  bottom-chord 
sections  of  the  anchor  arm  (all  of  which  have 
been  fairly  well  traced)  there  is  only  one  that 
exhibits  characteristic  buckling  distortion,  and 
that  is  the  ninth  chord.  All  the  others  are 
bent  and  crushed,  broken  at  the  splices, 
cracked  across,  burst  open,  and  most  variously 
battered,  but  none  has  a  well-defined  buckle. 
The  ninth  of  the  left  truss,  however,  is  not 
merely  buckled  in  indisputable  manner,  but 
it  is  doubly  bent  in  a  closely  folded  S-shape, 
and  both  its  ends  still  lie  practically  in  their 
original  direction.  Did  this  chord  crush  as  a 
result  of  the  fall?  That  event  happened  to  all 
the  posts,  as  our  photographic  views  show 
strikingly,  but  not  to  the  chords.  The  posts 
had  the  crushing  endwise  impact  of  the  fall 
to  withstand,  but  the  chords  only  fell  later- 
ally. A  chord  member  swung  forward  against 
the  pier  masonry  might  well  be  buckled.  On 
the  left  side  a  tendency  in  this  direction  is 
indeed  observable  in  the  eighth  cord.  But 
the  ninth  chord  lies  far  from  the  pier,  in 
place,  as  it  were,  and  can  hardly  be  conceived 
to  have  returned  after  striking  the  stonework; 
especially  is  this  obvious  as  chord  10  lies  not 
far  out  of  place  as  compared  with  its  original 
"position  relative  to  the  ninth,  being  on  the 
pier  side  of  chord  9. 

The  fact  that  no  explanation  of  how  the 
shape  of  this  member  could  have  been  pro- 
duced as  a  result  of  the  fall  seems  available, 
leaves  as  the  only  remaining  theory  of  the  dis- 
tortion a  buckling  of  the  member  under  great 
conipressive  stress.  If  the  member,  while  in 
place  in  the  bridge,  buckled  under  its  load, 
springing  out   laterally,    it     would    allow    the 
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pAoel-polnU  at  its  euda  to  come  together. 
Thla  woald  drop  the  cantilever  arm,  alnce  the 
anchor  arm  would  move  forward,  following 
up  the  giving  of  the  chord.  The  compressive 
force  acting  on  A9L  would  thus  continue  to 
act.  tending  to  crush  the  halves  of  the  buckled 
member  together,  or  break  it  at  the  middle, 
or.  if  the  latticing  gave  way  in  the  middle  part 
so  as  to  decrease  the  rigidity  here,  the  mem- 
ber might  be  curled  back  upon  itself  in  sub- 
stantially  the  shape  actually  assumed. 

THE    DEFECTIVE    CHORD. 

\\>  believe  that  the  most  thorough  study  of 
all  that  relates  to  the  present  and  past  state  of 
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AND   CONDITION    OF    BOTTOM    CHORD    A  9  L    IN 

THE   WRECKAGE. 

ThU  U  the  only  chord  •ection  Id  the  anchor  arm  that 
I*  buckled  bodtty.  Many  chord  »rc(loon  are  broken, 
tvtoted.  l>eBt.  and  thrown  far  out  of  position  relative  to 
ocber  pert!  of  the  wreckace.  but  only  this  one  la  buckled. 

chord  A9L  must  be  among  the  first  things  to 
engage  the  attention  of  those  charged  with 
the   Investigation    of   the   disaster. 

Prior  Deflection  Noted. — A  very  consid- 
erable support  is  given  to  the  theory, 
however,  by  another  circumstance,  namely, 
that  as  early  aa  three  days  before  the  col- 
lapse, the  member  in  question  was  actually 
observed  to  be  out  of  line.  This  obserration 
was  made  on  Monday,  Aug.  26.  A  visible  bend 
la  chord  A9L  was  seen  on  that  afternoon,  an 
Inward  bend.  The  following  day  it  was  meaa- 
ared.  with  the  showing  that  all  four  ribs  were 
deflected,  at  both  top  and  bottom  flangea,  the 
amount  of  the  deflection  being  from  about  1  % 
to  about  2  Ina.  for  the  aereral  ribs.     Fig.  6, 


a  diagrammatic  elevation  and  plan  of  A9L,  to 
scale,  but  with  the  deflection  exaggerated 
(dotted  lines),  pictures  the  conditions.  At  the 
same  time  there  were  indications  that  the  lat- 
ticing of  the  chord  waa  atressed  differentlr 
from  its  normal  atate.  A  rivet  in  one  of  the 
croaa  struts  of  the  latticing  that  had  been 
tight  before  waa  found  loose,  and  the  lattice 
diagonals  "sounded  high,"  as  one  man  put  it. 
The  deflection  was  not  known  to  increa&e 
during  the  following  three  days,  so  far  aa  our 
information  goes.  There  can  be  no  doubt, 
however,  that  its  continuance  in  the  deflected 
condition  was  a  menace  to  the  bridge.  The 
matter  was  reported  to  the  Consulting  Engi- 
neer by  his  Inspector,  Mr.  McLure,  who  went 
to  New  York  for  the  purpose,  reporting  there 
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FIG.  d— PLAN  AND  ELEVATION  OF  BOTTOM-CHORD 

SECTION    A   0   L.    SECOND   FROM    MAIN   PIER   IN 

WEST  ANCHOR-ARM   TRUSS. 

The  drawlns  U  dlatrammatlc.  but  Is  correct  aa  to  iOAle. 
The  lateral  deflection  of  the  rib*  at  their  middle  la,  how- 
ever, ahown  to  about  twice  or  three  timet  Its  actual  alM 
aa  measured  on  Aut.  27. 

Thursday  morning,  Aug.  29.  At  the  aame 
time  the  Superintendent  of  Construction,  Mr. 
A.  B.  Milliken,  went  to  the  head  office  of  the 
Phoenix  Bridge  Co.  at  Phoenizvllle,  Pa.  Mr. 
Cooper,  when  he  heard  of  the  obaerved  de- 
flection, sent  a  telegram  which  has  given  rise 
to  numeroua  newspaper  articles  in  the  last  few 
days.  This  was  addressed  to  Phoenizvllle  and 
not  to  Quebec,  and  read: 

"Add  no  more  load  to  bridge  till  after  dne 
consideration  of  facta.*' 

The  aame  afternoon  the  bridge  collapsed. 
This  coincidence  in  time  is  not,  of  course, 
proof  of  a  caaual  connection  between  the  de- 
flection of  chord  A9L  and  the  fall  of  the 
bridge,  but  the  facta   in    themselves  aeem    to 
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eacabiisli  a  fairly  substantial  chain  of  piaiuu- 
biiity.  The  thing  to  note  is  that  a  strut  of  an.v 
kind  that  is  bent  out  of  line  is  not  in  the 
best  of  shape  to  resist  high  compressive 
stresses.  Increase  of  load,  or  small  inhuences 
of  purely  fortuitous  nature,  may  increase  ltd 
detler.tion.  and  inder  certain  conditions,  as 
when  he  stress  in  the  outer  hbers  reaches  th^ 
*ilubiic  iimit,  J.  buckling  failure  i>y  continued 
de deer  ion  is  a  necir^asary  consequence.  These 
cirrmmistauces  i)iler  some  explanation  ot  wny 
^hi3  '  iiord  is  louud  in  the  wreckuii^e  in  badly 
buck:*rd  >:undition,  whereas  nhe  Dther  chord- 
.sections  ^xuibit  no  iiuckllug. 

■\VhJii  may  liavi-  iieen  rhe  oi*i;?in  of  the  de- 
tleciiuu  LioT.i<;«;d  lu  rhis  chord  on  Aug.  2K,  is 
not  'lirer-Tiy  indicated;  nor  i-s  tht-re  anything 
to  '■.ell  why  :his  dellectiou  should  bave  led  :.o 
l!ailiire  <iitcr  remaining  apparently  unchanged 
tor  'hree  days. 

Earlier  Mishaps  of  the  Chord  A  9  L. — 
It  appears  that  the  history,  of  this 
diord-section  was  not  as  uneventful  as  that 
ot  most  of  the  other  pieces  of  the  steel  work, 
and  this  history  offers  some  support  for  the 
view  that  the  section  was  slightly  inferior  to 
the  others  when  it  was  set  In  placie  in  the 
bridge.  The  chord  A:;L.  it  seems,  had  a  dhort 
kink  in  one  of  the  inner  ribs  before  it  left  the 
shop,  caused  by  some  little  awkwardness  in 
handling  the  member.  This  kink,  periiaps  ^^3- 
in.  deep  and  a  foot  or  two  long,  was  considered 
unsightly,  but  not  harmful. 

^(imewhat  more  important  is  still  another 
mishap,  experienced  in  the  storage  yard  a 
halt'  mile  south  of  the  bridge  site.  While  the 
chord  section  was  being  hoisted  iiero.  one  ol 
th»f  hooks  which  held  it  broke,  and  rhe  mem- 
ber lell  flat  on  the  ground  on  its  rop  fac*.  Tht 
flfrld-fiplice  plates  at  the  end  destined  "o  ad- 
join chord  A 10 1-,  wen-  i^*:?nt  -jr  lir'jken  :>y 
striking  a  projection,  and  in  rum  ihey  dam- 
aged the  i-overplate  and  ^.he  flange  ingles  at 
the  ^•nd.  The  damage  was  ropairKMi.  -.ve  mder- 
stand.  in  workmanlike  naaiiu'-r.  ■h*.?  piai-rH  and 
angles  being  cut  jacic  lud  new  -iiid  pieces 
aplice<l  in.  After  '.he>,<.'  /"lujirs  'h»j;  :::^*mbMr 
waii  ijelieved  :)y  ill  ■:<»rii:ciTi'-'.i  *.o  v  iJi'-'S  -P 
to  sTaudard.  and  in  nai-Ticv. :ai-  '.i  vaa  •■raii^ii:. 
we  or*?  '.old. 

We  r()nte^5.s  uur  i nab i lit."  -o  ■oriLi'ai.te  lirnni 
rhe  story  01  rht^se  miitiap^.  i£:S'::iL'i:.g  ziiK'ii' 
nature;  'o  liavi.'  Iieen  as  -r.'iri"i  ini  '  im  :'^\)-jl:v-: 
consoieuiiously  made.  .-Aiy  :r"aL  ».  -.^fi-^rion  >>i 
alarm  for  this  member  as  .ju::i:n.-i  .1  iupiica:-.- 
normal  chord-section.  It  is  -miy  :n  ■onneciion 
with  rhe  subsequent  events  'hat  rhe  mishaps 
become    prominent:    the   member   in    iiuestion 


actually  deflected,  it  was  completely  destroyed 
by  buckling  when  the  bridge  collapsed,  and  it 
is  at  the  present  moment  perhaps  the  most  aus- 
picious point  in  the  entire  wreckage  as  re- 
gards causation  of  the  fall.  In  view  of  tills, 
the  prior  history  of  the  member  oilers  to  the 
mind  some  degree  of  basis  for  speculation  on 
the  question  why  this  particular  strut  should 
have  failed,  while  the  others  in  similar  service 
remained  apparently  sound,  and  why  it 
should  have  failed  at  so  low  a  stress. 

AS    TO     ICN'OWLEDGE     CONCERNING     THE 
STRENGTH  OF  HUGE   COLCVINS. 

We  have  already  alluded  above  to  the  lack 
of  absolute  knowledge  as  to  the  strength  of 
steel  columns  of  enormous  size,  such  as  were 
of  necessity  used  here.  These  compression 
members  were  designed  for  a  unit  stress  under 
full  dead,  live  and  wind  loads  of  24,000  lbs. 
per  sq.  in.,  about  two- thirds  of  the  elastic  limit 
of  the  metal.  They  were  carrying  at  the  time 
of  failure  not  more  than  two-thirds  of  this 
amount.  Were  these  compression  members 
able  to  safely  carry  this  stress'.'  Were  the 
plates  and  angles  of  which  they  were  built  up 
so  thoroughly  braced  and  connected  together 
as  to  make  the  whole  member  act  as  a  unit? 
Their  design  was  made  and  approved  by  the 
ablest  engineers  in  the  profession.  No  one  has 
dreamed  of  doubting  their  strength;  but  now, 
with  :.he  Testimony  of  that  gigantic  collapse, 
every  .^ugiueer  must  long  to  know,  by  absolute 
trial,  what  .*iuch  huge  columns  can  safely  bear. 

For.  it  is  not  proper  to  say  that  the  history 
of  .several  sii^:ht  injuries  to  the  buckled  chord 
membtii*  I'-ii'-vevj  rhe  weight  of  doubt  in  this 
matTtrr  jy  r'uruishiug  the  explanation  of  abnor- 
mality. It  (laniiot  be  said  'hat  a  member  is 
abnormal  -vhich  is  strai;;;iit  and  sound  enough 
'o  oe  per  se  acceptaoie  'ludnr  careful  inspec- 
lion.  Is  It  at  ill  -:ertain  Lhat  the  'indiscover- 
able  variaLions  of  manufacture  may  not  pro- 
duce. :n  :>guiar  process.  undisLurt.>ed  by  mis- 
iutp.  I  cui^jmn  idenrical  ^viui  ihis  one?  If 
in«i)ection  •■mi  not  •iiffereniiai.e  '.t.  wh-.ii  surety 
have  we  -ju  this  point .' 

No,  '"he*  doubt  !ies  Lar'h^-r  oack.  W^'  step 
ip  :rom  -he  ■)rdinary  ■:oi"iujiis  jI  ■jrdinary 
■.  onsTr'icf.iou.  m«.'il  -I'l'  :ij  :iiM!M!»ii'.i;  :)ractice, 
:o  triiDryi:-)'!-.  'v.i"  M::' k-;»!a.''ij  viiinrh  of 
-tr?«.-i.  .::;«!  v  .  l-.h?  .  " "  *■  -•«::'■.  -  v  >.  'a  't  we 
•  h,i     'iM[i;'!'  ^.■•.:   ::-:!     -^    L   A:i:r:iuty? 

h]::c"i-i     ■.".       •  -.       ..,  :■.       ■■    '    .■■       ■■■     -ir     -:  V'li  lUIVS 

:•!••■    ■■:-';i-  1  :■.  .L'.- A."         \        :--.i-;v     'w*:    mate- 

via'.    'i:::'^    .;'■•■-   •■:■  ■     .'^ir    ..'.•.—  ■■:.     !■..    ve   do 

n«  M         .■■<':'.'.■  .■  ■■      ■  ■<  I'M  (Hi  ^jT  •■  [    .  ■       ^:  ■..■■;'  n 


J:        .-- 
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Hrtdc*  tmilun  ti*coBi«s  of  lin|Kirt«nve  to  Uia 
whoto  eiuilBe4r1iut  prafeulon.  Uottl  ibe  i^UM 
U  KbM)lat*ly  dotermlno'l^ir  lni]<>«(l  It  rttn  over 
t>« — or  ant II  lh«  prutmiilou  Iiuh  nctual  rasulta 
of  IMU  of  buKP  columns  at  lis  i-oiuDinnd,  « 
id  of  d<nibi  rvstii  ufon  uh  aa  to  tb«  laarsln 
•atoty  In  nrery  xreai  lirldKc  structure:  at 
wb«o  the  unit  alr«««ea  are  torcMl  up 


rtrKularlty.  Iiui  wo  oliMtnad  no  eracka.  TbU, 
be  It  oba«rv4<il,  with  at«el  which  runa  raUiar 
uv«r   60,000   Itis.,    we  bolleve.  Uian  under. 

Some  laatanc«B  of  square,  auddra  breaks  la 
built  membera  give  a  Brat  luprcoalon  of  bard 
or  brlltlv  matal.  Tbl*  ta  an  arroneooa  linpra»- 
alou.  For  Id  almoat  every  ancb  (-«•«  Uie  aam* 
•nemhf-r  exhibits,  quit*  near  the   abarp   break. 


to  tb*  point  d««ro«4  aat«  by  the  df«lKDers  ot 
UUa  bride*. 

OOOD   UATBRIAL   AND   WORKMANSHIP. 

liOttK  and  carefiit  ltis|Ku-tlon  of  the  wreck 
abova  that  th«  material  waa  of  excellent 
qnalltr:  that  tbv  workmanship  was  remark- 
aU7  Kood.  Il4>ndlag.  cruablnt;.  bui-kUns, 
tvladac  aboarlnit  and  tearing  are  cipmplllled 
la  tk*  vlldavt  varleir  ot  tornia.  and  everr- 
wber*  Um  moat  astlafylnx  pllablllly  and  ductl- 
UUtr  am  apparent.  To  citir  a  alnitlo  Instance: 
Wfean  Um  ancborac*^  l*e*  were  pulled  over, 
llMir  rtnrwnrd  lowor  cornera  werw  crushed  In 
mar  tba  edse  ot  Um  pier,  aa  the  views  well 
itew:  UiCMt  crushed  parts  of  the  platrat  are 
ItoUad   lalo  Usbi  acrordeon   pleatluc  of  mucli 


I*-'.  Km  rnntn  illaaimki 
OODr-btsiD    mut    Mrlncart, 


Other  Injurlea — alioar  or  tear  ot  toldlni  dla- 
tortlona — tbat  dcroonatrati!  a  line  defrea  ol 
wnrkablllty.  In  a  particular  caae  wbleb 
alruck  our  uoUc«,  a  chord  aecUoa  od  Uke  Mt 
side,  then  la  a  sharp,  almost  coDcholdal.  break 
through  all  four  ribs  ot  the  rbord.  But  while 
one  broken  seKmant  ramnlned  Uius,  the  vUivr 
was  foldml  almost  double  on  the  longUudlnal 
r>-nt«r  ItDe  ot  the  rtb.  tbv  fold  belas  tnua- 
Terse  to  the  sharp  fracture;  and  there  U  bo 
L-rackinK  al  the  apex  uf  thU  fold,  even  doaa 
Dl  the  broken  edge. 

The  character  of  the  riveta  seems  aquallr 
sailsfortoo'.  l^rge  quantttloa  o(  riveta  taJlad, 
niuat  ol  them  by  ahearlai.  but  somo  («w  la 
tension.  In  the  aheared  rivela.  whera  Indaed 
a  tenalon  may  hava  been  coexlatant   (Icndl&c 
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to  split  Uie  head  offi.  ibe  fractared  face  al- 
ways BbowB  a  wetl-marhed  creaceDt  ot  pure 
■hearing  or  cutting  acllon.  whoEe  widest  part 
baa  a  breadth  ot  perhaps  one-Qfth  the  rivet 
diameter:  ibe  rest  of  the  face  being  silky  or 
Onel;  graaular— the  anddea  tailure  after  the 
cutting  flbear  had  progressed  tar  enough. 
BlTeta  failed  In  tenstoa  in  very  much  Ceser 
lastaacea.  But  wherever  they  did  It  i-ould  be 
■een  tbai  <iulte  a  number  ot  tbem  had  drawn 
do-wn  or  necked  quite  visibly.  In  one  case,  a 
floorbeam    wus  forced   down   ott   its   connection 


with  the  poet,  a  face  connection;  tbe  upper 
part  ot  tbls  connectJoD  bad  failed  in  tension, 
part  by  tearing  out  the  post,  part  by  tearing 
the  rivets.  The  latter  were  all  necked  down, 
and  one  of  them  in  particular  showed  as  com 
plele  neclclDg  and  as  pretty  a  cup  fracture  a 
we  have  ever  seen.  And  this  was  a  Qeld  cod 
oectlon — the  rivets  were  field  rivets!  I 
Other  cases,  a  riveted  connection  which  failed 
In  tension  showed  simultaneous  failure 
rivets  and  plate,  tbe  boles  In  tbe  piaie  beins 
bulged    through     and     greatly     stretched,    and 
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th«  riTfrt  h*ftd   bttiOK  comprvMetl  an  1   molded 

Co  m«h  ■  ■!■«  tb»t  It  drvw  tliroush  Ibo  hole. 

[As  «titlr*  row  ot  rtv«ts  failed  In  tblii  wtty. 

_   Thfl   workmanBhlp  found  m  good  tMtlmonr 

t  the  vrwck  m  did  th«  material.  Ttila,   bow- 

laentlally   Involved   in  a  iitrurture 

t  ttili  akinltade.  If  only  for  facility  of  erei'- 

,  Ikst  It  o«ed  not  be  remarkod  on  In  de- 

TIM  doubt  ftJI  Mnton  arouad  ilie  dnlgn  ol 
t  raonnoa*  Ions  roluratm  of  wblch  the 
««r  ckord  and  the  Tsrtlcal  poaia  were  made 
Did  one  of  th*m  fall  undnr  a  load  onty 
»-halt  Ik*  elaaUc  limit  of  th»  material  m  ItT 
t  ti  tlM  queallon  whtch  miuil.  for  the  pres' 
.  be  left  unanawered. 

RK-ERKCnON. 
Tk«  diMaUOB  ot  the  re-erectlon  of  the 
lilvMf*  kaa  not  b**n  fully  derided,  but  on  >c- 
m>Bnt  of  Ita  ImmenB*  economk  advantagie  to 
tbe  eltr  and  province  of  Quebec  li  Is  thought 
tk«t  the  work  will  be  carried  on  to  a  siic- 
r »Mf Bl  llBlBb.  AllhoitKh  the  ntructure  Ik  prt- 
■arllr  for  nllwar  piirpo»ee.  ihn  u^reselty  for 
a  better  eatrance  into  Quebec  led  the  Dominion 
1  and  city  Kovvrnmnnt*  OBch  to  con- 


tribute lAfse  aums  ol  moner  toward  the  erec- 
tion of  llio  brldt"-  ThrouKhout  the  work, 
then,  tbe  government  baa  been  largely  later- 
<wted  in  tbe  auccceatui  proeecuUon  of  tbe  pro)- 
ofi,  and  one  of  tbe  flrat  official  acta  after  Ibo 
collapEo  wan  tho  appointment  ot  Meaan. 
Henry  Hnlgate  and  J.  Q.  O,  Kerry,  of  Mon* 
trenl,  and  Prof.  J.  Oalbraltb.  of  Toronto,  U> 
InvMtlgate  tbe  nrcldent  and  make  an  offlctal 
report  tb«reon.  Thit  commlMlon  la  now  at 
work.  ^  Thn  bridge  la  tbe  eoterprtse  ot  th» 
Quebec  Bridge  Co..  of  which  Mr.  B.  A.  Hoare. 
ut  Quebec.  1»  Chief  Engineer,  and  Mr,  Tb»o> 
dore  Cooper,  of  New  York  City,  Coniultlng  Bb> 
Klncer.  The  Niibatructure  woa  built  by  M.  P. 
Pnvla,  Ot  Ottawa.  The  d«wlgn  and  erection  of 
the  steel  Huperntructure  was  let  to  the  PhoenU 
lirldge  Co.,  Of  PboenUvllle.  Ta.  Mr.  Jobn 
Sterling  Oeana  In  Chief  EnglnMir  of  tbe  latter 
mmpany.  and  P.  1..  SiUpkn  the  engineer  U> 
whom  tbe  dealED  of  tbe  aleel  work  la  due. 

We  are  Informed  that  Mr.  Leon  8.  Moto- 
w-llT.  Engineer.  Department  nl  Bridgea,  Now 
York  City,  baa  been  appointed  by  the  DomlD- 
Ion  OoTernment  tor  the  purpoie  of  tnaklnc 
n  IhorouEh  Inveiillgallon  and  report  on  tlio 
fallen    siructnre. 


THE  QUEBEC  BRIDGE  DISASTER 

By  ALBERT  WELLS  BUEL  * 

IThf  preceding  article  teas  anbmitted  to  Mr.  Albert  W.  Bttei,  tt  promtnfnt  spfctalitft  in  trridge  design 
■nwd  ffmtitmrtion,  wtm,  at  rmr  rrtiuest,  funt  favored  Technical  Literature  with  the  fnUt/tcing  comments. — 
Ed.  T,  L.] 


The  editorial  comments  on  ihe  collapse  of 
ttie  soutli  oantilever  of  tbe  Quebec  Bridge 
have  reflected  on  Che  reliability,  skill  and  com- 
petency of  the  engineering  profession  as  a 
whole.  This  has  not  been  confined  to  either 
the  daily  or  the  technical  press,  but  has  been 
common  to  both,  and  has  been  the  general 
tone  of  all.  This  deduction  against  the  pro- 
fession as  a  whole  is  not  justified  by  rhe  evi- 
dence already  brought  out.  and  judgment 
should  be  wittiheld  until  the  entire  rase  is 
presented. 

In  the  meantime,  suggestions  that  may  as- 
sist in  reaching  correct  conclusions  are  in  or- 
der, and.  as  far  as  they  tend  to  relieve  the 
profession  from  suspicion,  are  not  only  due 
to  it,  but  will  be  beneficial  to  the  general  pub- 
lic. 

While  it  would  be  premature  at  this  time 
to  give  an  opinion  as  to  the  cause  of  this 
failure,  enough  has  already  been  published 
to  justify  the  suggestion  of  specific  points  that 
call  for  investigation  and  need  explanation, 
if.  indeed,  a  very  strong  clue  to  the  immediate 
cause  has  not  been  disclosed. 

Interest  centers  on  the  lower  chord  mem- 
ber of  the  anchor  arm,  Al^L.  The  "short 
kink  In  one  of  the  inner  ribs,"'  received  be- 
fore it  left  the  shop,  and  the  rumor  that  It 
had  been  involved  in  a  railroad  wreck  may 
be  passed  over  at  this  time,  although  the  ef- 
fect of  the  kink,  as  well  as  any  injury  received 
in  transit,  will,  no  doubt,  be  given  due  atten- 
tion in  the  course  of  a  thorough  investiga- 
tion. 

The  nature  of  rhe  injury,  received  in  the 
storage  yard  near  the  liridge  site,  and  the 
method  used  for  repairing  it.  -ail  tor  the 
most  minute  investigation.  What  has  been 
already  published  on  ^his  point  is  not  satis- 
factory for  the  purpose  of  .If-rermiiun^^  :he 
probable  primal  cause  of  'he  lisa^r^-r.  Omv 
an    exhaustive    report    on    tnis  r*eaL;:r-    \,y    *ix- 

-Fnrineer    in    rhar^e    <"f   'he     ■'.■ -jrr.        iM     '■•tnn.:! •:.,.! 
^  ^til   StnxftureM   and   Terhniral    Wnrk    .  :     Iio   ntiic  „i 


perts   in   design   and    fabrication   of   bridges^ 


not  merely  experts  in  mathematics  and  theo- 
retical mechanics — can  justify  the  conclusion 
that  "after  these  repairs  the  member  was  be- 
lieved by  all  concerned  to  be  quite  up  to 
standard." 

The  lower  chord  members  have  been  de- 
scribed as  being  4  ft.  t>  ins.  deep  by  3  ft.  7^ 
ins.  wide,  made  of  four  (4;  built  channels, 
each  having  a  j4-in.  reinforced  web  and  S  x 
aVss-in.  or  S  ^  6-in.  flange  angles  I  in.  thick, 
latticed  top  and  bottom  with  single  transverse 
angles  dividing  the  space  into  square  panels, 
each  X-braced  by  single  diagonal  angles,  one 
of  which  has  its  vertical  flange  cut  to  clear 
the  other,  which  is  made  continuous. 

We  are  told  that  the  plates  and  angles  were 
cut  back  and  new  end  pieces  spliced  in.  But 
we  are  not  yet  informed  what  relation  these 
new  end  pieces  had  to  the  fleid  splice,  nor 
what  precautions  were  takeu  to  insune  a 
TRUE  bearing,  if  the  latter  was  involved  In 
the  repairs.  The  difficulty  of  insuring  the 
maintenance  of  true  bearings  i  either  pin  or 
abutting >  when  changing  or  repairing  built 
members  with  several  webs,  cauuot  be  exag- 
gerated, as  any  experienced  bridse-j?hop  man 
will   testify. 

The  statement  that  it  cauuot  l)e  said  that 
a  member  is  abnormal  which  is  straight  and 
sound  enough  to  be  i>er  se  acceptable  under 
careful  inspection,  is  not  satisfactory.  It  is 
possible  that  a  variation  in  the  bearing  of  one 
of  these  webs,  almost  too  small  to  be  detected 
in  the  fleld,  would  produce  a  luoiiieiit,  due  to 
eccentricity  of  bearing,  suiticient  to  account 
tor  the  failure.  In  the  shops  bearings  are 
bored  or  faced  in  luacliiQes,  by  methods 
tr'volvtHl  by  fort>  years  *>i.  experience,  that 
pracricaily  insure  '.hem  'o  l)e  mechanically 
true  aud  square  This  :s  in  :iiiswer  to  the 
<-»iliroriai  ■niesiious.  Is  it  lu  .ill  certain  that 
*h»^  iiidlscovt  rabie  *.  a  rial  ions  <.n  lUiinuiaeture 
iiia>  !iur  nrudiice  in  :v;^Miar  iMocess.  'indis- 
f.url>ed     ')y     :i;isliap.    a    culunui    ideiiuiai     with 
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this  one?**  and.  "If  InHpection  cannot  differ- 
entiate It,  what  surety  have  we  on  this  point?** 
Moreover,  Inspection  of  fliiiHhed  product  Is 
Infinitely  Inferior  to  cuntinuouH  Inspection 
during  fabrication,  and  a  very  limited  experi- 
ence in  Inspection  will  prove  the  disadvantage 
of  the  former.  For  this  reasou  the  injury  and 
repairs  made  near  the  bridge  site  need  full 
explanation,  either  to  establish  the  primal 
4au^e  or  Justify  the  final  acceptance  of  the 
nK'nilier  A!»L. 

No  evidence  has  been  published  to  show 
thai  a  bearing  of  A9L  was  either  defective 
or  mechanically  perfect,  after  the  member  fell 
In  the  storage  yard,  and  had  been  repaired  in 
the  field,  but  It  Is  a  point  worthy  of  the  most 
careful  Investigation  In  seeking  for  the  primal 
cause  of  the  disaster. 

Scarcely  less  Important  is  the  question: 
What  was  the  effect  on  the  angle  lattice  bars 
and  their  riveted  connections,  when  the  mem- 
b**r  fell  flat  on  the  ground  on  its  top  face? 
Thu  may  tie  difliruli  or  impos8ibl«>  of  deter- 
mination, as  such  injuries  are  not  always  in- 
di«ati'd  b>  an  external  t*if;n.  The  importance 
of  thirt  que>tion  will  bo  brought  out  by  what 
follows. 

The  pre<eding  paragraphs  refer  more  par- 
ti tufarly  to  the  Investigation  of  the  primal 
€ytttM».  which  may  never  l>e  disclosed.  The  Im- 
mediate cause  does  not  seem  to  be  so  com- 
pletely obscured  and  the  main  purpose  of  this 
review  is  to  point  out  a  clue  that  should  be 
followed  to  its  end  with  minute  precision. 

"Engineering  News,'*  in  Its  remarkably 
prompt  and  satisfactory  report,  says:  "As 
•rarly  as  three  days  before  the  collapse,  the 
memb«*r  in  question  was  actually  observ<*d  to 
bv  out  of  line.  This  observation  was  made 
on  Monday,  Aug.  2ri.  A  visible  bend  in  chord 
AS»L  WAS  seen  on  that  afternoon,  an  inward 
bend.  The  following  day  it  was  measured, 
«Uh  the  showing  that  all  four  ribs  were  de- 
fl^-^'Ced.  at  both  top  and  bottom  flanges,  the 
amount  of  the  deflection  being  from  about 
1  S  to  about  2  Ins.  for  the  several  ribs.** 

in  the  report  of  testimony  taken  before  the 
Coroner*s  Jury.  Mr.  Hoare.  chief  engineer 
of  the  Quebec  Bridge  Company,  stated  thai 
Tuesday.  Aug.  27.  Mr.  McLure,  assistant  en- 
gineer, reported  to  him  verbally  and  to  Theo- 
dore Cooper,  the  New  York  consulting  engi- 
neer, in  writing  or  by  telegram,  that  on  the 
ninth  lower  chord  at  the  west  truss  a  slight 
curvature  Inward  was  noticed.  They  did  not 
ooBslder  It  a  serious  thing. 

This  la  a  most   surprising  statement.     The 


following  questlouL  naturally  suggest  them- 
selves to  the  engineering  expert  In  the  design, 
fabrication  and  erection  of  steel  structures: 
Were  any  computations  made  at  the  bridge 
site,  on  August  26  or  27,  to  determine  the  ef- 
fect of  1  Vi  Ins.  eccentricity  of  stress  on  the 
section  of  A9L?  And,  If  so,  what  were  the 
conclusions,  or  how  was  the  conclusion  that 
this  deflection  of  1  V^  ins.  to  2  ins.  was  *'not 
considered  a  serious  thing"  Justifled? 

The  maximum  lower  chord  stress  and  sec- 
tion have  been  given  as  16,000,000  lbs.  and 
842  sq.  Ins.  A9L  may  not  have  been  maxi- 
mum, but  can  hardly  have  been  greatly  leas 
than  the  maximum.  "Engineering  News'* 
gives  the  probable  stress  in  this  member,  at 
the  time  of  the  accident,  at  17,000  to  18.000 
lbs.    per    sq.    in. 

The  full  and  exact  data  not  being  available, 
it  Is  fair  to  assume  for  a  preliminary  investi- 
gation, not  purporting  to  give  true  values,  but 
only  to  indicate  direction  toward  a  "clue"  and 
the  approximate  relative  effect  of  a  possible, 
if  not  probable,  immediate  cau>e.  that  A1*L 
had  about  sou  sq.  ins.  sectional  an-a  ^ubJ«»cted 
to  17.000  lbs.  i)er  sq.  in.  axial  compression 
(the  minimum  given  by  "Kngineering  News"). 
This  gives  a  total  of  Kt. ('•(>«». omo  lbs.  axial 
compression,  or  al)out  s.'i'^  of  the  stated  maxi- 
mum for  lower  chord  memlwrs. 

I'sing  the  minimum  deflection  In  A9L  on 
August  27th  of  1  ^  Ins.,  the  moment,  on  the 
assumptions  here  used,  would  be  20,40O.Moa 
in. -lbs. 

Without  the  complete  details  of  the  mem- 
ber, the  moment  of  resistance  of  the  four  built 
channels,  about  an  axis  parallel  with  the  i^ebs. 
cannot  be  computed;  but  a  rough  estimate 
made  from  the  published  dt»scription  Is  suf- 
ficient to  show  that,  under  a  deflei'tion  of 
1  Ml  Ins..  the  lateral  resistance  of  the  four 
libs  would  not  be  far  from  IM-.  of  that  re- 
quired by  the  moment  of  over  twenty  mil- 
lion  lnch-|K>unds. 

.AlKJUt  l*U'v  of  this  transverse  bending  mo- 
ment would,  therefore,  seem  to  l>e  what  the 
lattice  bars  would  have  to  resist.  Were 
these  angle  lattice  bars  single  or  double  riv- 
eted to  the  outside  ribs?  If  single  riveted,  is 
it  not  true  that  the  stri*ss  would  have  l>een 
high  enough  to  fully  account  for  the  failure? 
If  double  riveted,  and  of  auincient  strength, 
is  it  certain  that  when  A9L  fell  flat  on  the 
ground  on  its  top  face  none  of  the  lattice 
bars  or  their  connecting  rivets  were  injured 
sufficiently  to  Impair  their  value,  and  what 
method    was  adopted   to  ascertain   such   fact? 
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Tho  IomU  that  cautwU  smch  a  tlt»xur^  would 
w«»i'iuiUi>  uoi  require  m  very  t^reai  iucremeui 
lu  Lau»t;  I  Hi  lure.  auUj  if  ihe  tl^ui^et^  aud  de- 
duct i(.>u>,  1^1%  eu    above    I'epre^euc   eveu   approx- 


imately ihe  coadicion  on  August  27tii,  wliy 
was  the  work  not  stopped  and  tlie  heavy 
traveler  moved  back  to  the  pier  on  Chat 
date? 


COMMENT  OF  THE 

'  rhuL  Lhe  :>iiuccure  lell  i»>  bo n^  ever,  oue 
oi  ibooe  ^rave  lacis  v%hicb  '.he  eu^iueer  ma  si 
lace  lu  .ui  U>  >iei'U  i-eaiit\ .  it  ^eems  dlmosl 
hui^elebo  '.o  ^iiieiupi  lo  ^eii  ihe  cause  ot  the 
avcidenc  !U  '  iix:  iwisLcd  ^%reckai;e  or  -o  dis- 
co»oi  :u  'iiv  ^LaLfmeui:>  ol  '.iiose  i>reseui  at 
Lbc  uiuc-  .'L  .iu-  '.ailuie  aii\  ciue  .0  '.iie  leasou 
Loi  uit.'  .-aui»uut^ii^.  Yet  uuiil  uiiui  reason  U 
dtiiuiifi>  !uuud  tiiis^iueerius  will  sje  looked 
MiK>u  >j>  lU'  :)abiic  \%ith  »uspiciou  as  -larin^ 
loo  iuulIi  lOi  -IS  :«souices  uud  as  '00  '.villiui;. 
lo  ruu  :  isk:>.  '^Uj^iueei's  'iiemseives  Ic^uow  :uil 
^^t;i^  .iiaL  :>iobaui>  uo  structure  iiv«-r  received 
Uiuie  t.ar^iul  .itieutiou  iu  lesi^u.  ruauuiac- 
turv  aud  i.-reciiou  .hau  :he  <4uebec  j  ridge  .uid 
tbe>  \viil  ^xs  iuwilliu^  *.o  .it tribute  ics  coilapse 
i\i  deiecuxt!  !>roporuous,  :uLenor  maieriais  or 
iauii>  -lecuou  .lULiL  deiiuite  urooi  is  --^siab- 
iisii^d  sj  iie  -oucrary.  i-^Uil  deuiiis  jt  the 
lieaigu  lud  'he  :u«Laod  01  'ireciiou  iiave  been 
oujiisiied  !U  L  oLit^  :>ei-ies  oi  ariicieo  iii  '.his 
jouiuai,  aud  eisewherw  :u  Ibis  issue  "S  j.  ?catt- 
mtUL  \ji  :iii  -be  racis  '.r.ac  Aixw  »eeu  )rougiit 
Lo  :iiihL  •.oucfrumg  .be  .ic«idem,  -iiid  Mi«=  ocai 
■joudilLoUfi'  It  'He  imti  :r,  oi-curied.  Au  -.'Aiim- 
lUdLioii  utu  vbt  .iciideiii.  >  luw  ^eiug  :uitde 
;jv  '  iif  :.':iiiiidiau  luaiuiifwa  lud  L  a  '.u  Je 
iiop*>d  iiai  ins  Mti  'to  -o  '  iniiunsii  lud  ouj- 
j>iOle    ■ 'liii    ■  ht     MAu&e     >i     ■  !-•*:      i»!.ai'?^j     vi:!     }b 
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dehuitely  revealed.  L'ncil  it  is  known,  the 
hazard  of  bridge-building  on  such  a  great 
scale  will  be  something  to  consider  with  ap- 
pi-ebension.* — "The    Engineering   Record.' 


"One  line  01!  reflection  suggests  itself.  Many 
01  the  memberrs,  and  particularly  of  the  com- 
pression members,  in  the  bridge,  were  ol  quite 
an  unprecedented  size.  In  the  present  state 
ol  our  knowledge  there  must  be  some  doubt 
as  LO  whether  the  experience  :^ned  from  or- 
dinary members  :u  ordinary  structures  is 
ilully  applicable  10  those  ot  much  larger  di- 
mensions. In  examining  '.he  wreck,  the  writer 
was  struck  with  t:he  igniness  ot  the  lattice 
angles  on  some  of  the  huge  chords  and  posts. 
Absolutely  these  bars  were  large,  but  rela- 
tively 'hey  ^wemed  almost  insignificant.  Could 
any  engineer  undertake  :o  .say.  with  absolute 
ceriiiinii.  -.iiat  rut?y  were  sudicient?  Perhaps 
in  'his,  >n-  in  some  similar  respect,  the  de- 
signers ina\  iiave  ^one  ^jeyoud  -he  present 
bounds  ot  ougi  nee  ring  knowledge.  Whatever 
the  cause  oL  '.he  railure,  j.  liose  study  of  the 
results  t.auuoi  ''aii  'o  'je  instructive  and  profit- 
able o  luv  Dndge  jugineer.  ' — U.  ^L  Macicay. 
is.>ut.iaLe  '.>i-oiefi>sor  oi  -.ivii  r^ngineering*  ^licGlll 
'  Ti.v^i>itv,  Mou<.rtai,  :u  x  specially  prepared 
■>.')ioi''     Oi       ' '^.tr    !r«»u   Age. 
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unable  to  get  more  than  about  10  to  157c  of  "superheater.'*      Superheat    may    also   be   ob- 

the  total  power  from  the  coal  we  use  trans-  talued    by    the    expansion    of   steam   ifrom   a 

ftfrred  to  machinery.  higher  to  a  lower  pressure  without  doing  6Z- 

Properties    of    Saturated    and     Sui>erheated  ternal   work.     The   amount  of  superheat  ob* 

Steam.-  In  order  to  clearly   underHtand   what  talned    in    this    way,    however,   Is    bmall»    and 

U  uioant  by  the  term  "superheati^d  steam,"  11  narrows  down   the  advantages  which   may  b9 

will   lie  necciifiary  to  refer  briefly  to  the  lawtf  obtained  from  Huperheatlng. 

«hlf-h  Kovorn  steam  generation:  Saturated     and     Superheated     Steam     Com- 

il)   The  temperature  of  ebullition,  or  boil-  pared. — The  chief  differences  between  super- 

inK-polnt.  Increases  with  the  pressure.  heated    and    saturated    steam    may    be    briefly 

*2}    For   a    given    pressure,    boiling   always  stated  as  follows:      (1)   Superheated  steam  la 

iommences  at  the  same  temperature.  Independent  of  pressure,  and  admits  of  varla- 

Steam  In  contact  with  the  water  from  which  tion  in  temperature,  whilst  the  pressure  re- 
it  is  generated  Is  called  "saturated  steam/'  mains  constant.  (2)  The  temperature  of 
the  temperature  being  the  same  as  that  of  superheated  steam  may  be  reduced  wlthoat 
the  water  from  which  it  is  generated.  The  condensation  taking  place.  (3)  Superheated 
temperature  will  not  vary  so  long  as  the  pres-  steam  practically  follows  the  laws  of  a  perfect 
sure  remains  constant.  gas.      (4)   Superheated    steam    is    greater    In 

Dry   saturated   steam    is   steam    which    does  volume    than    saturated    steam    of    the    sama 

not  contain  water,  but  some  portion  of  which  weight,  but  one  pound  of  superheated  steam 

will  condense  Into  water  immediately  any  loss  contains   more  heat  than  one  pound  of  8atu« 

of  heat  takes  place.     Such  steam  would  be  the  rated  steam. 

ideal  product  of  an  ideal  boiler,  but  is  never  Specific  Heat  of  Steam. — The  specific  heat 

attained    under   ordinary    working   conditions,  of  steam  is  measured  in  British  thermal  units* 

as  steam  invariably  carries  more  or  lefs  water,  and  as  determined   by   Keguault  and   Him   la 

the    degree    usually    varying   from    2    to    '<S^;  usually  taken  as  0.48.     Him  adopted  the  fol- 

whilst,  as  the  result  of  forcing  or  heavy  fir-  lowing  formula: 

ing.  carrying  the  water-level  too  high,  or  the  Specific  heat  at    constant  pressure  =>  0.4 S 04 

use  of  water  which  causes  foaming,  the  per-  +0.0003779    T.    (T  =>  temperature    In   degreaa 

rentage  of  water  carried  over  with  the  steam  Fahrenheit). 

i6     considerably     Increased,     and     sometimes  It   has   long   been    known   that    0.48    could 

amounts  to  S^c,  whilst  in  eitreme  cases  even  only  be  taken  as  correct  for  steam  at  atmoa- 

l<r«   Is  exceeded.  pherlc  pressure,  and  that  for  other  pressuraa 

From  such  consideration  it  is  obvious  that,  and  temperatures  the  specific  heat  may  vary 

in  testing  a  boiler  for  evaporating  efficiency,  from  0.48  to  0.75.     Little,  however,  has  beea 

this  factor  must  be  taken  into  account,  other-  known  as  to  specific  heat  at  higher  pressuraa 

wime  the  results  may  be  misleading.     A  boiler  and  temperatures. 

with  a  large  disengaging  surface  is  less  likely  In  Germany,  where  they  are  more  advanced 

tu  provide  wet  steam  than  one  having;  a  very  both  as  regards  the  theory  and  practical  ap- 

limited  area  for  the  liberation  of  steam.  plication  of  superheaters  than  we  are  In  thla 

The  properties  of  dry  saturated  hteam  were  country,  the  technical  colleges  have  for  soma 

first  carefully  determined  by  Kegnault:  his  ei-  years   been   exi>erimentlng   with   superheaters, 

periments  ranging  from  steam  at   1   lb.  pres-  and  rei-ently  experiments  of  a  very  elaborate 

sure  to  400  lbs.  on  the  square  Inch.     The  tab-  and  exhaustive  character   have  been  made  at 

ulated    results   are    given    in    most    engineers'  the    Royal    Technical    University,    Munich,   to 

text    books,    and    are   expressed    in    terms   of  determine  the  actual  value  of  the  specific  heat 

British    thermal    units — that   is,    the   quantity  of  superheated  steam  at  various  pressures  and 

of  heat  required  to  raise  1  lb.  of  water  from  temperatures.      These    experiments    were   car- 

22     to  33'  F.;  or.  generally  speaking,  a  Brit-  ried    out    with    the    utmost    care    by    Messrs. 

ikb  thermal  unit  is  the  heat  required  to  raise  Knoblauch  and  Jakob,  and  have  only  Just  been 

1  lb.  of  water  1 '  F. .  published.     The  results  may  be  taken  as  quite 

The    table    Indicates    that    the    higher    the  reliable,  and  have  contributed  greatly  to  our 

steam  temperature  the  greater  the  increase  of  knowledge  on  this  subject, 

pressure;    also    that    latent    heat    diminishes  specific  heat  (c>)  at 

.  ,       ^       .                       _             ..,      .       *  Absolute  pressure 

with  the  increase  of  sensible  heat.  of  iteam.      satura-   ?tyi'     302*     4H2*     572*     082* 

Production   of  Superheated   Steam.-Super-  niJj, ^^ .":*.. *.°..  oJS>   0  4n   0  4«    aJfs    cm   o& 

h«-ated  steam  is  produced  by  adding  heat  to       M'^^ o.»i2    o.MO   o.4(»2    o.4*«a    0.48S   0.497 

saturated  steam  In  a  separate  vessel  called  a      1 13711 o&S2     093H   a4M   oiM   aaoe 
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higher  value  and  Increased  power,  capable  of 
doing  more  work  In  the  cylinder;  It  does, 
however,  affect  the  boiler  Indirectly,  as  It  ena- 
ble* the  work  to  be  done  with  20  to  3(K/c  lew 
»ieam  in  many  cases,  and,  consequently,  20  to 
3u-«  less  water.  The  effect  of  this  Is  either 
to  lighten  the  flrlnR  uf  the  boiler  or  to  increase 
iX3  steaming  capacity. 

Transmission  of  Superheated  Steam  Through 
Pipes.-  The  flow  of  Maturated  steam  through 
pl|K*s  IS  generally  taken  at  the  rate  of  75  tt. 
per  M'c,  whereas  superheated  steam  wtll  flow 
more  easily  at  the  rate  of  lOU  ft.  per  sec; 
«hile  in  Germany,  where  superheat  Is  more 
iieuerailv  adopted  and  better  understooJ, 
steam  is  frequently  used  at  a  velocity  of  L'lO 
ft.  per  sec.  It  Is  quite  safe  to  allow  for  an 
Im  rvimv  of  velocity  of  8ui>erheated  steam  ua 
compared  with  saturated  steam  of  20  to  5U*,c. 
On  ati-ouut  of  the  high  iemi>erature  of  super- 
heated steam  it  is  advisable  to  efficiently 
iti\er  all  parts  throu»;h  which  the  steam  pass- 
es, such  as  pipes.  Joints,  etc.,  with  non-<-on- 
ducting  material.  Superheated  steam  is  trans- 
mitted with  less  loss  than  saturatOvl  steam, 
and  may  be  carried  a  long  distaiue  without 
liquefying.  If  the  interior  of  the  pii>es  is  kept 
dry,  the  flow  of  steam  is  not  impeded,  and, 
owing  to  the  great  mobility  of  the  superheated 
steam,  which  travels  at  a  much  higher  veloc- 
ity, it  can  be  transmitted  through  smaller 
pipes  having  less  radiating  surface:  a  dry  me- 
tallic surface  has  been  found  to  transmit  heat 
with  less  loss  than  a  wet  surface.  Saturated 
steam  forms  globules  of  water  on  the  inside  of 
the  pipes  and  passages,  which  not  only  impede 
the  flow  of  steam,  but  also  more  readily  con- 
dense the  steam  and  aggravate  the  bad  effects 
of  cylinder  condensation. 

The  following  table  gives  approximately  the 
weight  of  steam  per  minute  which  will  flow 
from  various  Initial  pressures,  with  one  pound 
loss  of  pressure  through  straight  smooth  pipes, 
each  having  a  length  of  240  times  its  own 
diameter: 

TADLK  OF  KLOW  OF  STKAM  THROUGH  PIPZS, 

Utanivler  of  i>iik>  in  In^.   (Lencth  of  esch  = 


4  ft  H  lO  15 

Ga<'  irrntur^  Welicht  of   Hteam   per  mln.   lo   lbs.,   with 

;n  \h»   prr  1    lb     lo--   of  pr««iiure. 

K]   in.  ' • « 

lo  12.7'J       5S<Ci     14S0     2H2.0      42'.V7        (KW 

JO  14  94       HS.2r)     ItiVT     .107.8      49(L5     I.ITO 

¥i  1K.51        M4i»     I'UMl     :<81.3       61.'i.3      1.4A<l 

*>•  21  .18       97.m>     'J41.5     440.5      7ia«     1.675 

•ti  'j:i.Kl     10K.74     JOOm     40U.7      7V1.7     l.tMtt 

1««i  2nm     1IS.47     11*3.1     534.6      MS2  6     2.U3:! 

Vjn  l»7.N"i      11'7.11*     :!14.5     573,7      JfciViJ     •J.lSl 

iTd*  30  37     13^.<;l     'MHO     625.5   l.iM^.2     2.37« 

ronhtructlon     of     Superheaters. — There     Is 
no«  no  difficulty  in  constructing  superheaters 


to  work  In  connection  with  modern  high-pres- 
sure boilers,  and  of  double  the  strength  of 
the  holler.  The  dis|>osition  of  the  superheater 
and  the  relation  between  the  available  tem- 
perature of  the  flue  gases  and  the  heating  sur- 
face of  the  superheater  to  give  the  desired  de- 
gree of  superheat  are  factors  now  easily  de- 
termined by  eiperts. 

Superheaters  should  be  made  throughout 
of  mild  steel,  of  great  tensile  strength  and 
ductility;  they  should  be  constructed  hO  as  to 
be  easily  accessible  at  all  parts  for  cleaning, 
repairs,  and  inspection;  provision  should  be 
made  for  cleaning  the  tubes  whilst  at  work, 
and  also  for  protecting  the  su|>erheaters  from 
harm  during  the  time  steam  is  flrst  being 
raised  by  shunting  the  gases.  When  at  work 
the  whole  of  the  gases  should  be  compelled  to 
pass  among  the  superheater  tubes  in  order  to 
ensure  the  greatest  efflcienc\.  The  effect  of 
this  is  to  greatly  increase  the  deKn.*e  of  super- 
heat, and  the  damper  used  for  this  purpose 
affords  a  means  of  controlling  the  degree  of 
superheat.  The  steam  inlet  and  outlet  should 
be  independent  of  the  covers  so  as  to  avoid 
removing  the  pipes  to  obtain  access  to  the  su- 
perheater. A  superheater  constructed  on  these 
lines  will  last  for  years,  and  give  good  results. 

Types  of  Superheaters. — Sui>erheaters  may 
be  roughly  divided  into  two  classes,  vix.:  (1) 
Superheaters  which  are  placed  in  the  path  of 
the  boiler  flame  and  heated  with  the  boiler 
gases;  (2)  superheaters  which  are  built  up 
separately  and  independent  of  the  boiler,  and 
flred  with  a  separate  furnace. 

It  is  advisable  in  all  cases,  where  possible, 
to  attach  superheaters  to  the  boilers,  as  such 
superheaters  give  better  results,  not  only  by 
way  of  economy,  but  they  have  the  further 
advantage  of  supplying  a  fairly  uniform  de- 
gree of  superheat. 

If  the  boiler  is  off  for  cleaning,  the  super- 
heater is  off  also;  and  if  the  boiler  Is  doing 
little  work,  the  superheater  has  less  work  to 
do;  so  that,  whether  the  boiler  is  lightly  or 
heavily  flred.  the  superheater  automatically 
corresponds  with  the  conditions.  Another  ad- 
vantage Is  that  the  superheater  requires  no  at- 
tention, and  is  flred  at  the  same  time  as  the 
boiler  and  without  an  extra  fireman. 

With  an  independently-fired  superheater  a 
special  furnace  is  necessary,  also  an  attendant 
to  look  after  it.  A  separately-fired  super- 
heater will  give  a  very  high  degree  of  super- 
heat, and.  with  a  constant  amount  of  steam 
flowing  through,  the  degree  of  superheat  can 
be  fairly  uniform,  but,  where  the  work  Is  ir- 
regular,   independently-flred   superheaters   are 
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noc  suitable,  as  then)  its  always  a  liability  of 
excuBsiVQ  temperature.  Tbe  cost  of  obtaining 
superheat  under  sucb  conditions,  wbere  coke 
or  coal  is  used,  is  more  than  wben  tbe  super- 
healer  is  uctaclied  to  tbe  boiler.  Tbe  amount 
oC  heat  wasted  from  tbe  superheater  furnaces 
is  very  considerable,  as  the  temperature  o£  the 
gases  leaving  tiie  superheater  must  be  con- 
siderably In  excess  of  the  temperature  of  tbe 
sieam  entering  the  sui>erheaLer:  wbere  possi- 
ble, the  Leases  should  be  turned  into  the  main 
due  leading  10  the  economizer  so  as  to  ab- 
scruct  any  available  heat  and  transmit  same 
to   tlio  feed  water. 

The  b^tlecc  ol'  Superheating  ou  tbe  Econo- 
mizer. Various  tests  which  have  been  made 
show  that  there  is  little  difference  in  the 
temperature  of  the  teed  water >  which  is  proo- 
ably  due  to  the  tact  that  when  superheated 
;steam  is  used  a  large  percentage  of  saving 
in  si  earn  is  effected,  and  conseuuently  an 
equal  saving  in  water,  so  chat,  although  there 
is  less  heat  available  for  the  economizer,  tnere 
is  less  water   to   be   heated. 

i  Mo  vision  for  Superheated  Steam. — All 
modern  ougiuos  are  now  coustructt^l  so  as 
to  take  a  reasonable  degreee  of  superheat, 
say,  LOO  10  100  :  metallic  packiugs  are  now 
iu variably  used  iu  high-class  engines.  The 
use  of  copper  pipes  and  phosphor  bronze 
bhould  be  avoided,  as  ihese  metals  deteriorate 
'luder  the  action  of  superheated  steam;  at 
the  I  temperature  of  highly  superheated  steam, 
copper  pipes  will  lose  ^\)\o  of  their  strength. 
Steel  pipes  and  cast- iron  do  not  appear  to  be 
uiTected.  It  is  uow  generally  admitted  that 
Curiiss  vahes  will  work  sati&f actor ilv  up  to 
a  temperature  of  ^yi)\)  I''.  Kor  a  \^r>  fugli  de- 
gree of  superheat,    drop   Niil\or>  .iic  luoai   ^^ua- 

abie. 

I.iibiicatiou.       Alilioueib       lu'     vIiiIkh;uc&      :u 


respect  to  lubrication  have  been  set  at  rest 
by  the  introduction  of  hydrocarbon  oils,  yet 
wrong  notions  still  exist  aa  to  a  high  Quality 
of  oil  being  necessary  when  superheated  steam 
is  used;  as  a  matter  of  fact,  an  expensive  oil 
is  not  essential  unless  a  temperature  of  600 
or  TOO'  is  required.  For  temperatures  up  to 
500'  the  ordinary  commercial  oils  seem  to 
answer  the  purpose.  In  many  cases  where 
superheaters  have  been  installed,  no  difference 
has  been  made  as  to  the  character  or  qualiry 
of  oil  used. 

Economy  Resulting  from  Superheat  in?. — 
Generally  speaking,  the  economy  resulting 
from  superheating  will  show  a  saving  in  coal 
of  not  less  than  101.  In  many  cases,  where 
conditions  are  more  favorable,  this  may  be 
increased  to  more  than  20^^. 

Concluding  Remarks, — Ten  years  ago  ^ery 
few  superheaters  were  at  work  in  this 
country.  It  is  dilficult  to  ascertain  the  num- 
ber now  at  work,  but  it  is  safe  to  say  in  this 
period  they  have  increased  by  more  than  a 
hundredfold.  The  greatest  progress,  however, 
has  been  made  within  the  last  live  years.  The 
dittlculties  in  connection  with  the  construction 
and  working  of  superheaters  appear  to  have 
uow  been  entirely  overcome,  and  aa  super- 
heaters are  working  which  have  been  in  use 
for  some  years  without  practically  any  anx- 
iety by  way  of  working  expenses  or  repairs. 
it  may  be  predicted  that  in  the  near  future 
it  will  be«.-ome  the  practice  of  manufacturers 
and  steam  isers  to  adopt  superheaters  gener- 
ally, rhe  eiXect  of  a  few  failures  in  the  early 
Ua.vs  !ias  uow  disappeared,  and,  aithoush  there 
.ire  5till  a  Lew  old-fashioned  engineers  who  are 
opposed  o  :^uperheat,  their  number  is  con- 
'HI  •...(.:!>  dec '.easing,  jiud  -he  time  is  at  hand 
\v  UQ   -.iu-   \;tlue    Jt   superheating  will   be   fully 


CHEMICAL  PROGRESS-THE  WORK  OF 

BERTHELOT,  MENDELEEFF. 

AND  MOISSAN 

FROM   "BKQINEBRINO."    LONDON 


When  Sir  James  Dewar  completed  a  counte 
of  lectures  un  "The  Old  and  the  New  Cbem- 
Utry"  a  year  ago  at  the  Hoyal  iQstltutlou,  it 
«a»  understood  tliat  the  course  would  be  sup- 
plemented In  the  following  season,  and  when, 
eftrly  this  year,  the  time  was  drawing  near  for 
deciding  to  which  fields  of  the  vast  domain 
of  modem  chemistry  Sir  James  should  devote 
his  lectures,  we  lost  three  great  chemists 
within  a  few  weeks  of  one  another — Mendel- 
teff,  Moissan,  and  Berthelot,  and  it  seemed  to 
Sir  James  to  be  appropriate  to  approach  the 
subject  of  the  progress  of  our  age  by  a  con- 
sideration of  the  work  of  these  three  giants, 
all  of  whom  were  members  of  the  Royal  In- 
stKution,  and  who  represented  three  different 
typos  of  mind — Berthelot  was  a  colossus,  to 
be  compared  to  Liebig,  without  any  modern 
parallel;  Mendel^ff,  the  suggestive  idealist; 
Moitfsan.  the  pure  experimentalist. 

Sir  James  opened  his  first  discoures  on 
Marcellin  Berthelot,  who  was  born  in  1827, 
by  biographical  notes.  When  engaged  in  his 
first  research,  the  study  of  the  constitution 
of  the  fats — which  are  salts  or  esters  of  the 
fatty  acids  (stearic,  palmistlc,  oleic  acids, 
etc.)  and  of  a  trivalent  alcohol,  glycerin — 
Berthelot  did  not  content  himself  with  decom- 
poning  (saponifying)  the  fats  by  means  of 
caustic  alkali  (steam  or  acids  are  technically 
ut>ed  now  to  effect  the  same  saponification). 
This  decomposition  yielded  the  alkali  salt  of 
the  organic  acid  (a  soap)  and  free  glycerin. 
Berthelot  also  recombined  fats  from  their 
constituents,  prepared  new  fats,  and  further 
iD\eftttgated  the  equilibrium  of  the  reaction. 
He  recognized  that  the  reaction  would  pro- 
ceed for  a  certain  time  in  the  desired  direc- 
tion, as  decomposition,  e.  g.,  but  the  decom- 
position would  not  be  complete.  When  cer- 
tain proportions — depending  uiK>n  the  prea- 
^nc*>  of  water  and  other  substances  and  on 
various  conditions — had  been  reached,  the  ac* 
tlon  might  reverse.  Building  up  a  body  from 
itfi  constituents  wag  known  aa  a  synthetical 
process,  and  these  researches  led  Berthelot  to 


pertect  syntheses;  that  is.  the  preparation  of 
organic  substances  from  elementary  sub- 
stances—charcoal, air,  and  hydrogen.  Pass- 
ing alcohol  through  red-hot  tubes,  be  ob- 
tained complex  substances;  but  the  alcohol 
had  itself  first  to  be  synthetized.  The  sim- 
plest organic  acid — formic  acid,  or.  rather,  its 
alkali  salt — he  obtained  from  carl>on  monox- 
ide (CO)  and  caustic  potash;  the  acid  itself 
should  result  from  the  combination  of  CO 
and  water  (H^O).  but  these  two  would  not 
combine. 

The  formic  acid  was  a  starting  point.  By 
heating  barium  formate,  he  generated  marsh 
gas  (CH«).  which  further  heating,  or  electric 
sparking,  converted  into  C,H,.  C,H«.  C,H«.  and 
higher  hydrocarbons,  finally,  naphthalene 
(C,*Hj.  The  direct  combination  of  carbon 
and  hydrogen  gave  another  starting-point. 
As  these  elements  would  only  combine  at  high 
temperatures,  which  destroyed  the  resulting 
product — acetylene — he  passed  hydrogen 
through  a  bulb  in  which  an  electric  arc  was 
maintained  between  carbon  electrodes,  and 
withdrew  the  acetylene  at  once  from  the  bulb. 
The  demonstration  of  this  very  ^ow  reaction 
was  accomplished  by  cooling  and  condensing 
the  little  acetylene  obtained  in  a  y-tube;  on 
warming  this  tube  afterwards  by  the  heat  of 
the  hand,  the  colorless  hydrogen  flame 
changed  into  the  bright  acetylene  flame.  As 
acetylene  readily  polymerized  (its  molecules 
unite  to  form  higher  compounds),  and  as  it 
was  also  easily  oxidized,  further  syntheses 
opened  up.  But  Berthelot  failed,  even  in  his 
renewed  attempts,  in  the  last  weeks  of  his 
life,  to  effect  a  direct  combination  between 
carbon  and  nitrogen  in  the  absence  of  other 
elements.  He  did  obtain  prusslc  acid,  how- 
ever, from  carbon,  nitrogen,  and  hydrogen. 
This  demonstration  was  accomplished  with 
the  aid  of  an  electric  arc  in  another  bulb;  and 
as  this  acid  yielded  with  water  ammonium 
formate,  ammonia  could  also  be  introduced 
into  the  other  synthetically  prepared  bodies. 

While    engaged    in    these    remarkable    re- 
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ral  oils,  and  expreiwed  the  oplulon  that  while 
the  American  oil.  which  seemed  to  be  con- 
fined in  relatively  small  natural  reiiervolrs 
that  Were  boon  exhausted,  might  be  of  animal 
urlicin.  the  Uaku  |)etroleum  was  probably  tiie 
product  of  the  decompositiuu  of  muLUilic  car- 
bides, of  which  we  knew  very  liuio  in  those 
day  a. 

Passing  to  the  periodic  law,  with  which 
M*-ndel4t>cr'tf  name  will  remain  pre-eminently 
coupled.  Sir  Jamex  explained  that  classifica- 
tions of  the  elemeiitM  had  been  bused  by  Du- 
nisM  and  others  on  the  striking  analogies  pre- 
>*-nted  by  oxygen,  sulphur,  selenium,  and  tel- 
lurium, and  their  compounds,  and  by  other 
families  of  elements.  Those  analogies  and 
»:radation  of  properties  were  shown  by  tables 
of  the  physical  and  chemical  constants  of 
thesf  elements,  and  we  shall  revert  to  the 
iKiiut  at;ain  in  our  remarks  on  Moissan's  work. 
KuIIowing  unknowingly  in  the  wake  of  New- 
lands,  Mendeldeff — and  Lothar  Meyer  slml- 
iarl>  at  the  same  time — arranged  the  elements 
iu  twelve  series  of  groups  of  seven  or  more 
eivments.  according  to  increasing  atomic 
«viRhts.  The  task  was  far  bolder.  Sir  James 
bald,  than  it  ap|>eared  today;  for  the  con- 
htants  of  the  elements,  which  he  regarded  aa 
pt-rlodlc  functions  of  the  atomic  weights,  were 
it-ss  perfectly  known  then.  Yet  three  lacunae 
11*  the  table  were  soon  filled  up.  as  predicted 
b>  Mendel^eff,  by  the  discovery  of  three  new 
el«*ments  t scandium,  gallium,  and  german- 
ium), and  hla  corrections  of  several  atomic 
weights  which  did  not  fit  his  table  were  proved 
to  be  Justified.  Mendel^eff,  Sir  James  stated, 
was  not  easily  disturbcHl  in  set  views.  The 
rare  earths  were  accommodated  in  his  table, 
and  room  was  found  for  the  new  gases  as  well 
by  placing  helium,  atomic  weight  4;  neon, 
2v:  argon.  40:  krypton.  S2;  and  xenon,  atomic 
weight  128,  at  the  heads  of  the  old  groups. 
In  one  of  his  latest  speculations  Mendel^ff 
suggested  a  chemical  conception  of  the  ether 
as  a  legitimate  extension  of  his  periodic  law. 
Two  more  elements  remained  to  be  discov- 
ered, one  of  atomic  weight  u.4  (hydrogen  => 
11.  the  other  lighter  even  than  the  corpuscles 
«)r  electrons,  a  kind  of  neutral  substance  that 
would  not  be  attracted  by  the  sun. 

The  third  lecture  was  devoted  to  Henri 
Moiasan,  who  was  born  in  IN 52  at  Paris. 
Briefly  reviewing  Moissiin's  life.  Sir  James 
gave  Molssan  the  credit  of  having  rejuve- 
nated inorganic  and  mineral  chemistry  in  our 
Age  of  organic  chemistry.  A  pupil  of  Fr4my 
and  Derille  — l>oth  famous  Inorganic  chemists 
by  the  way — Molssan  first  studlei  the  evolu- 


tion of  oxygen  and  of  carbon  dioxide  by  planta 
ill  the  dark,  investigated  the  oxides  of  the 
iron  metals,  and  then  took  up  the  isolation  of 
fiuorlne,  which  so  many  distinguished  experi- 
menters had  tried  before  him.  The  alchem- 
ists knew  that  sulphuric  add  attacked  fluor- 
spar, and  generated  from  it  a  gas  which  cor- 
roded glass;  the  electrician  Ampere  first 
pointed  out  th(*  analogy  between  hydrochloric 
and  hydrofluoric  acids.  Kemp  made  vesaeU 
of  fluorspar  for  the  acid,  which  Is  now  kept 
In  paraffined  bottles.  Sir  James  exhibited  the 
apparatus  In  which  Molssan  electrolysed  per- 
fectly dry  hydrofluoric  acid.  It  was  a  I'-tube 
of  copper  (originally  platinum  was  thought 
indispensable),  with  plugs  of  fluorspar  for  the 
platinum  electrodes,  and  two  outlets,  the  one 
for  the  hydrogen,  the  other  for  the  fluorine. 
The  fluorine  gas  passed  through  a  coil  which. 
like  the  U-tube,  was  immersed  in  solid  car- 
bon dioxide  to  condense  the  fluorine,  and 
through  two  tubes  filled  with  sodium  fluoride 
to  absorb  traces  of  the  gas.  The  gas  had  a 
faint  greenish-yellow  color,  and  attacked  al- 
most everything;  finely -dividcnl  carbon  burned 
In  the  gas,  forming  a  compound  analogous 
to  carbon  tetrachloride  {V  (*l.i.  a  colorless 
liquid,  which  we  could  not  prt>pare  syntheti- 
cally out  of  C  and  CI.  however.  That  fiuorlne 
formed  a  similar  volatile  compound  with  sill- 
con  was  shown  with  the  aid  of  some  fiuorlne 
gas  enclosed  In  glass  pipettes,  sent  by  Profes- 
sor I^beau — Moissan's  former  assistant  In 
these  and  other  researches.  The  i)erfectly 
dry  gas  did  not  attack  glass. 

Dwelling  on  the  analogies  between  fluorine, 
chlorine,  bromine,  and  iodine,  which  form  the 
so  well  characterized  group  of  the  halogens. 
Sir  James  showed  that  chlorine  gas  could 
easily  be  condensed  to  a  yellow  solid,  and 
bromine  to  a  red  solid:  the  gases  were  con- 
tained in  large  inverted  bulbs,  and  some  liquid 
air  was  poured  into  the  cup-shaped  hollow  at 
the  bottom  of  the  bulbs.  The  melting  points 
of  the  four  elements  were  in  deg.  Cent.: — K. 
(—  215)  ?.  CI  —  102,  Br.  —  7.  I  -r  114;  the 
boiling  points  In  the  same  order.  —  187.  — 
33.6,  +  58,  f  184''  C;  the  specific  gravities, 
1.14,  1.56,  2.95,  3.38;  and  analogous  grada- 
tions were  found  to  hold  for  the  atomic 
weights,  18.91,  35.74.  79.84,  125.89:  the 
atomic  volumes,  the  atomic  refractions,  etc. 
Again,  a  similar  gradation  was  observed  In 
the  properties  of  the  compounds,  except  that 
the  boiling  point  of  hydrofluoric  acid  <•  19.4* 
C.)  was  too  high,  probably  because  this  add 
polymerized.  A  study  of  the  physical  and 
chemical   constants   of    certain   organic    (bea* 
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ito  was  red-hot,  with  diamonds  not  at  all.  But 
graphite,  and  not  diamond,  was  the  most  sta- 
ble modification  of  carbon  at  high  tempera- 
tures: and  as  minute  diamonds  had  been 
found  associated  with  other  carbon,  in  me- 
teorites.  Moissan  started  on  his  preparation 
of  artificial  diamonds  by  melting  iron  and  car- 
bon u^arbonized  sugar)  in  a  crucible,  and 
dropping  the  fused  mass  into  water.  The  iron 
would  expand  on  solidification,  and  the 
chilled  outer  cruse  would  subject  the  still 
liquid  solution  of  carbon  in  iron  inside  to  an 
enormous  pressure.  Sir  James  mentioned 
Mois«an's  preparation  of  the  hydrides  of  po- 
tassium I.  K  H't.  caesium  and  rubidium — 
$uowy  crystals,  representing  alloys  of  the. 
mecal  and  hydrogen,  wiilch  did  not  conduct 
the  electric  current  any  more  than  hydrogen 
did  and  :o  :he  many  prodiots  which  Moissan 
prepa.-ed  in  the  electric  f-imace.  Of  the  car- 
bide:^.  '.hose  of  lichi'im.  calci'im.  strontium, 
d-jd  ^anuui.  y '.elded  on  decomposition  wiih 
wa'.er  Acecy'ene  O..H3.  il'immiai  -arbide  zave 
•ji.4rs.a  <ai  C  H,  maajSLiese  .■•iriide  yielded 
k'  H,  i:id  ■i:d-«.»ti:ea  :ae  jaroides  af  rhe  rare 
edi-'.^s.  j-ervrji,  "rTvim.  ".aori'iai.  ".eLded  C- 
H...  '-"■^..  ■•'  U"  •:'rie  .'  S,.  lad  some  ::»i  i:d  ?ar- 
i-tiM*  w'l:  >;  Me  .u.-ndes  of  •-■hromiTOi.  mo- 
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rcclstance  to  longitudinal  splitting  or  bulging 
of  tn«  column. 

<6)  The  rods  cannot  take  diagonal  shear 
without  overstresslng  the  concrete. 

The  amtumptlon  that  they  can  take  shear, 
lii  amounts  oC  anywhere  near  the  capacity  of 
%ir^\  to  .carry  shear,  is  simply  untenable  and 
absurd,  in  spite  of  recognition  in  building 
codes  and  regulations.  If.  for  example,  we 
assume  a  shear  of  12,000  lbs.  in  a  rod  1  In. 
SQ.,  there  must,  of  necessity,  be  a  bending  mo- 
ment in  the  rod.  Now  the  square  rod,  at  24,- 
000  lbs.  extreme  fiber  stress,  would  take  a 
bending  moment  of  4,000  in.-lbs.  The  lever 
arm  of  the  12,000  would  then  have  to  be 
only  1-3  in.  The  force  of  12,000  lbs.  applied 
on  the  side  of  a  square  rod  in  a  length 
of  1-3  in.,  or  on  several  times  this  length. 
Is  t»eyond  the  power  of  concrete  to  withstand. 

1 7 1  A  plane  of  cleavage,  especially  if  it 
bt;  a  sloping  one,  such  as  a  joint  left  where 
pouring  of  concrete  ceasea  for  a  while,  will 
l«fmve  a  weak  section  and  vitiate  to  a  large 
extent  the  factor  of  safety. 

Compression  of  a  reinforced-concrete  column 
with  a  steel  column  as  a  basis  of  design  Is 
misleading,  because  of  the  fact  that  steel  Is 
very  strong  In  tension  and,  therefore,  capable 
of  resisting  bending  stresses.  Cast-iron  col- 
umns were  formerly  proportioned  on  the  basis 
of  11,300  lbs.  per  sq.  In.  (reduced  for  length). 
Fall-alxe  testa  made  some  years  ago  showed 
thia  unit  to  be  too  high  and  that  a  proper  unit 
Is  about  7,600  lbs.,  reduced  for  length  of  col- 
umn. The  compressive  strength  of  caFt  Iron 
In  short  blocks  Is  about  100,000  lbs.  per  sq. 
In.,  but  on  account  of  the  low  tensile  strength, 
and  consequent  low  shearing  strength,  the  eafe 
unit  In  columns  has  but  a  remote  relation  to 
the  compressive  strength  in  short  test  pieces. 
An  exactly  similar  condition  exists  in  columns 
of  plain  concrete  or  of  concrete  that  is  not 
reinforced,  with  a  view  of  relieving  it  of  all 
tensile  strains  and  of  excei^sive  shearing 
strains. 

Practical  experience  has  proven  the  Inabil- 
it>  of  concrete  columns  in  which  small  rods 
are  Imbedded  to  carry  heavy  loads.  The  prac- 
tical experience  referred  to  is  the  failure  of 
buildings  that  hare  recently  occurred. 

It  follows,  then,  that  rational  design  of  re- 
inforced-concrete columns  demands  not  only 
longitudinal  reinforcement  to  take  flexure 
■insses,  but  drcnlar  reinforcement  to  take 
the  bursting  or  bulging  force  due  to  diagonal 
•hear.  Columns  so  designed  have  proven  un- 
d*^r  test  to  be  the  atrongest  of  all  known  forms 
of  reinforced-concrete  columns. 


A  good  and  efficient  column  Is  made  by  re- 
inforcing a  round  or  an  octagonal  column  with 
a  coll  made  of  a  square  rod  and  with  8  longi- 
tudinal square  rods  wired  to  the  same,  just 
Inside  of  the  coil.  The  purpose  of  the  longi- 
tudinal rods  is  to  take  flexural  stresses — that 
Is,  to  relieve  the  concrete  of  longitudinal  ten- 
alle  stresses  due  to  any  side  force  or  any  ten- 
dency to  bow  at  the  middle  of  the  height  of 
the  column.  The  steel  thus  used  is  rationally 
employed,  as  It  takes  tension  that  would  oth- 
erwise come  on  the  concrete.  These  steel 
rods  should  not  be  counted  upon  to  take  any 
of  the  direct  load  of  the  column,  because  of 
the  fact  that  tests  show  that  such  rods  alone 
in  a  concrete  column  offer  little  or  no  assist- 
ance to  the  concrete. 

When  a  concrete  column  Is  under  compres- 
sion, its  length  is  diminished  and  Its  diameter 
increased  somewhat.  The  steel  colls  come 
Into  play  by  this  tendency  of  the  columns  to 
Increase  In  diameter  and  are,  therefore.  In 
tension. 

If  we  assume  a  safe  load  of  550  lbs.  per 
sq.  in.  and  a  lateral  pressure  10-4  8  of  this  in 
Intensity,  we  have  a  basis  for  the  determina- 
tion of  the  tension  on  a  coll.  Let  the  pitch 
of  the  coil  be  ^  of  the  diameter  of  the  col- 
umn, and  let 

D -^diameter  of  column  in  inches; 

d=dlameter  of  square  steel  rod  in  the  coll* 
in  inches. 

Equating  the  equivalent  fluid  pressure  on 
the  rod  to  Its  tension  at  12,500  lbs.  per  sq. 
in.,  we  have 

10      D      D 
550  X  —  X  —  X  —  =  12,500d' 

48       2       8 

Solving  we  find 

D 

d=  — 

42 

If  we  make  the  diameter  of  the  coil  %  of 
that  of  the  column,  and  the  diameter  of  the 
square  rod  of  which  the  coil  is  made  1-40  of 
the  diameter  of  the  column,  we  shall  hare 
close  to  12,500   lbs.   per  sq.   in.  on   the  steel. 

For  the  8  rods  which  run  the  length  of 
the  column  we  may  assume  the  same  lateral 
pressure  and  proportion  the  rods  to  take  that 
pressure.  Assuming  that  they  would  act  to 
resist  the  outward  pressure  of  the  disinte- 
grated concrete,  at  the  ultimate  strength  of  the 
column,  we  can  make  the  rods  of  a  diameter 
that  they  would  take  the  stresses  in  bending, 
at  a  safe  unit,  due  to  a  lateral  pressure  10/48 
of  550  or  115  lbs.  per  sq.  In.     The  outward 
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.   —  length  .n  inchtrs. 

Zi    =   tiametirr  .n  mrhea. 
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jjid   ar.   'his  poinc   ic   was   found 
-moio''   reiniorced-ooncrete   beam  and 
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Ik  LnalUuiU  la  a  moat  ^DCOuragltiK  aur- 
II  la  Bot  ao  mnch  thai  ber  pr«lliu1n«ry 
i  proroUe  th*  raalliaUon  of  the  contract 
ttlon  Ibat  ah«  ahall  make  a  double  vaj- 
••  the  Alteatlc  between  Ltverpool  and 
JTort  at  Ml  «verft(«  tpeM)  of  S4H  knou 


ilrlv«n  acrewi:   but   when   the  ayatviu   »a> 
elded   upon   for  ibe   I.ualtanla.   tlte   eipprlrBre  y 
witb  ihia  trp«  of  ensinc  on  a  larce  M.-ali.>  waa 
llmltild,   and    panlcularly   «o   aa   regarda    durn- 
bllit;.      The    conOdencc    ur    tlie    owtK-r-    an) 
bulMera  of  tbla  xhli^.    lm.^.    i..:.^if:.  i    i..    m^i. 
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benm-ltno,  whll«,  at  lbs  Min*  Uioo.  Kll  the 
l>rDp«ll«re  work  in  (rae  wat«r,  «iid  proTlalua 
IiN«  barn  mada  for  a  aatlaractory  claaranoa 
betwevn  ibe  propellera  and  the  akin  Of  Ui* 
■hip. 

It  was  d0cld»d  In  the  Cunard  llnera.  aflar 
v«ry  taretul  canal  duration,  to  aiiain  Iba.ruU 
apned.  with  ihp  propellent  making  about  140 
rcvulutluna  jwr  minute,  and  the  turhltm  were 
protKirtloncd  in  suit  Lhl*  ipcod,  Tht>  p«r- 
lph»ral  ept^ixl  (jvlng  prai-tlcutly  more  or  leaa 
ronatanl.  owlni;  to  the  volurlty  of  ateam,  and 
only  affecitMl  by  the  anitle  or  curvature  of  the 
bladna,  It  becamo  neceaaary  to  adopt  turblnea 
ot  verr  lnrK«  diameter.  Thua  (be  rolor-drum 
ol  tbe  hlgh-prtnauri-  lurblnM  U  96  Ina.  In  dl- 
ameter,  and  that  ot  the  low-pr»Mure  (urblna, 
HO  liiB.,  tbe  Madea  ranglnR  from  I^  Ina.  to 
23  Ini,  In  Innicth.  The  result  ta  to  pvrmlt  the 
UH)  at  a  propeller  of  u  diameter  and  pitch 
whirh  will  certainly  renioie  any  qiieatlon  aa 
to  relative  elllcleiicy,  under  normal  condlllona, 
aa  to  mnnoeuvrlnn  power  and  aaiern  >pe«d, 
and  also  aa  la  the  Iniluenre  ot  bead  aeaa, 

CONSTRrCTION    OF    THE    SHIP. 

Streases.^The  calculations  of  aireaaes  wera 
carried  out  In  the  usual  way,  on  tbn  auurap- 
tlon  that  (bo  material  of  [ho  hull,  If  built  ot 
mild  aleel,  ahvuld  nut  hv  atibjiwted  lo  &  ttran 
exceedins  10  tons  per  square  Inch,  and  on  the 
baala  that  the  veaael  might  experience  Iba 
boKiclniE  and  aaxglns  atreasM  consequent  on 
meeting  with  wavea  of  her  own  lenctb.  and  at 
a  helKbt  trom  the  troaxh  to  rreal  ot  ane-tw«»- 
lieth  ot  the  length  ot  Ibe  wave.  The  very 
careful  aerlea  of  calculailouB  entered  Into 
showed  ihal  the  mailraum  bending  moment 
was  slightly  over  l.DOO.OOO  toot-tona.  and  that 
Ihla  occtirrrd  through  bogging,  owing  to  th« 
veaael  riding  at  the  center  of  her  length  on 
the  crest  ot  a  wava  of  maximum  alae  with  Uh 
«nda  In  ihe  troughs.  TbU  airess,  ot  courae.  la 
greaiesi  at  minimum  draugbl.  that  la  to  any, 
when  Ihe  veaarl  la  nearlng  her  destination, 
and  when  tual  in  her  bunkem  baa  b«en 
greatly  reduced.  Wlib  the  two  ends  eupporf- 
4m]  on  waves  and  lh«  (-enter  sagging,  the  aireea 
waa  only  about  5Uti.0»0  foot-tons.  Witb  a 
full  cargo  of  coal,  when  the  displacement  will 
probably  bo  2D'.'r  more  ihau  In  her  arrival  con- 
ditlon.  the  hogglDg  and  nagging  streeaea  ar* 
conalderatilv  leas.  Tbeae  rondltlona  are  aboat 
normal,  but  Ihe  aim  of  the  designer  waa  to 
mc«t  tbem  BO  that  the  strain  on  ibe  atrac- 
turo  would  be  leas  oven  tban  Is  uiuallj  IIm 
caan  with  wvU-bulIt  ablpa. 

In  the  caae  ot  tbe  Lualtaals  It  wms  decklad. 
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'.er  ipon  i  ^eres  ir  7*ir"  ::ir*it'il  ■»*wj  :a  or- 
ler  o  le'erTxime  'vneTaer  laii  '  j  "vaa:  •*.!- 
"e-fii.  .  nc  rpsiwffi  i^r'^wsrli  I'luid  )•*  ;ai3ar':rfd  To 
hfe  ipn^r  -.T.r'u:':ir»t  )v  '.a»»  ulupnoa  of  liira- 
~enaiif=r  ite*-!.  T^t*  irainai*"  "•sohiie  aaii  -iioa- 
4aiioa  'f-ifii    'ar— el    nu  :n  "ne  ;nr-in;s*rj  -jf  "ii-^ 

.^siidoxL.   "¥er«?  -rfippit^in^Tiir*-'!    i^   i  zr*»iir   ■."iner.- 

ivftra-^e  nrimai^r  ■t-Qail*-  «r*?a;r'a  Ji^  '^«i  nia- 
"enai  -:*=••**• 'eri  -vnt  ;m  *  "ijnst  i»fr  >;  la.**?  intra 
for  lormiti  iiiiii-'Mnsiiie  itt^s  lad  IS.i  '  iQ.s  >ir 
tfiuax'*-  .ai.i  :'rii-  mn^taieii  .ii;5a-'earfi!»r  if-»-i. 
i.M  fimL)h;-<'r'i  v;r:i  ->  -i  'uns  i»rr  *<i'iar»*  :n«:ii 
i'or  >raina;—  .iiila  irr-^j.  T^^i?  -T'oa^^a':!^!!  :-:srs 
•▼♦•r**     Tiad'^    "v:  rn     .ii^?t:*T'?     viiii  a     :'jrr*fSpoii  ie«i 

-it  -titr  riiip — aamtr-:  :  »••  as  lad  :r  tt-ib 
:!ouna    'iiat     "n-     Tiriii     }:     -::Uir.;i:    "o     ilrimar.*- 

i«e*-«  ta  1  '  '•  :'•!•  "ii*-  in.TraiHi  iitf:i-*-ni?iIe 
-.f.e^i.     :s-     •iiEpai'T':    -wf.i     '.'..'■.     :"or    vie    aiii-i 
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o'  "j.**  inin»*s.  3'i-  ad  a  u:t3iL3*Hiiea.i:i*  one  may 
▼a.i  :a  zr^aT-^r  -iGixi^or:  -j^mniti  lii-*  callas;- 
"^aiu.  Th»*r**  -via  ao  i'':»»nipc  "o  make  tir«e 
:a'.'*pmT«t:a"!T  '!i:ar.:j'i«:iis  !t:iiiinttLrials  "ara'.er- 
::^a".  Th-*  ▼a':»»p-r:zii:  iiT-jaiona  of  "ri-*  bal- 
ladr-'^niu  )trrw«*t*a  "a-*  •ii:»i3t»*  oor^oni  ar^ 
maiie  ■3""  "a^r  ■.■•*a:-?p  i-i^iaoa  ia*i  ".lie  :-v^^  main 
ii:ni:*i'i;aals.  T^i?  i-juai*-- aorroni  lotLSZTic- 
'-:<:a  -i.i'.-*aii3  ^jr  Tran'ura-!:*  ".a-*  w'joie  '.^a^xh 
of  "iie  vijsis**!.  laii  ex^riaiLs  'jr  a  ■n3Qrfi«i-*rab:e 
parr  of  "he  leaz^ii   }f  '.n**  Ttws**:   ip  r.:  -.a**  lower 
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mm  ."-<:*; n*  Trai:':i:*r  at  «...-i*r'iaa-£  !:*  ia-*  joa- 
a*r«"".oii  jt  "lirr  Tiar-rs  ■jf  -je  zar'HJar'i  if  rake 
■ :  ';i»r  1a*  't-:»^L-Oia".-s.  M-»a":on  aia"  alsj  '.e 
oiadH  jt  la^i  !oa^:r-j'i;aa.  "maerr-a-z  lazies 
■^u^'-nz  ao  jiir"-r?rraps.  T^ie  friaiea  aad  r«»- 
■  ■'?!>'*;  }iin  ip  '.'J  "a»e  3ia."jr.a  iia"e  ir**  ;o*r;riT«i. 
'•J  avijiti  Tile  aer»es}*!ir:-  ^J^  -j;:;?  iroa.  Prai:*:!- 
•:a^:■  ill  'a*^  liolers  in  "a*?  k-el-9ia:es  Trere 
i;*!  :►;  i  :n  imr^  "lie  [nn'^^  'lemz  '?5i'3s*^iiea:!v 
stoar-i'eix  -iij  4.S  "o  r»rmove  "iie  mt-^  rroai  :l:e 
■r^i.Tarvs  'lit.  ■?ii.j:»rs  it  "lifj  j.«?.»j<  TK"'^ry  f.izhTly 
r»raai»r«i.  la-i  'ii^-  -v-iuIm  -".ijkkrin.i'.*:'*!  f:r  rivet- 
inii       r*i»r     ii.Mi  jir'-oor-om     i}LarT-s.     is    w*fll    as 

*:!»:■    <;:.:.«.    i.T    i'     r:dsr     :.:    z\   \n  lengtii.      Tb.^ 
■.'ij:i»r«.  ;:i^-.'a/^    :■:     ::';     »rL!''-^r--tu»»  zinier  were 
-'■  T-'r":    i  •^.      I.-  v:::.    "Oiiai     3^'    t^xper'.eQoe 

ri-''-^,-  ■  ■.  ^-  ■  1-7  i  ■- ■■^■»:i."i<  II  ;)iaoe  je?on? 
.:::.      '    ■'.  ■  ::.,     ■■.    '  1-     ia"     "i-W:    'vas    pro- 
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bulkheads,  by  the  two  bulkheads  in  the  en- 
gine room,  and  by  the  imrtial  bulkheads  In 
the  coal-bunkers.  Referring  to  the  stem  and 
stem  framings:  The  stem  is  of  cast  steel,  and 
was  constructed  with  rabbets  to  receive  the 
shell-plating.     The  weight  was  8.3  tons. 

llie  heavy  section  of  double  bottom,  and 
the  bossing  out  of  the  framing  for  the  propel- 
ling shaftK.  are  of  great  interest.  The  specta- 
cle eyes — monocles  would  be  a  more  accurate 
term — for  the  outer  shafts  are  of  cast  steel, 
and  well  incorporated  with  the  framework  of 
the  hull  90  ft.  t>efore  the  after  perpendicular. 
The  sportacles  for  the  two  inner  shafts,  which 
are  at  19  ft.  6  in.  centers,  are  also  of  cast  steel, 
and  are  riveted  to  the  stern-post.  This  latter 
i*  a  hteol  casting,  of  a  special  form,  to  sup- 
port a  balanced  rudder  and  to  take  the  steer- 
InK-Kear  in  duplicate.  The  weight  of  the 
fitern-poFt  is  39.1  tons,  exclusive  of  the  spec- 
tacle frames,  which,  together,  weigh  60.2 
tons. 

The  rudder,  which  weighs  56.4  tons,  is 
cf imposed  of  three  steel  castings,  and  the  rud- 
der-head Is  of  forged  steel:  all  the  parts  are 
cx>nnerte«l  by  horizontal  flanges,  well  rabbeted 
and  heavily  bolted.  The  rudder  area  Is  420 
square  feet;    there  is  one  removable  pintle. 

PASSENGER    ACCOMMODATION. 

The  following  table  shows  the  cabin  accom- 
modation for  the  various  classes  of  passen- 
gers: 

Lift  of  Rooms  for  Passengers. 
First  Class.      tu40   Pastengers. ) 
36  one- berth    rooms. 
130  two-berth    rooms. 

72   three-berth    rooms. 
Total.    260    rooms. 
Second    Class.      (4  60    Passengers.) 
60  two-berth    rooms. 
So   four-berth   rooms. 
Total.    143    rooms. 
Third    Class.      (12o0    Passengers.) 
40  two-berth    rooms. 
237  four-berth    rooms. 
21      six-berth   rooms. 
4   eight-berth   rooms. 
Total.  302  rooms. 
The  dining  accommodation   is  given   in   the 
tabic   following: 

Accommodation  of  Dining-Saloons. 

SeaU. 

Kir»t   Class.— Cppor    saloon 130 

Lower  saloon 330 

Children's  saloon 40 


Second  Class.- 
Third    Class.- 


-260  seats. 

-Main   saloon 340 

Ladies'  room f  0 

Smoking-room 110 


Total 340 


ToUl 640 

A  feature  in  the  arrangements  for  the  com- 
fort of  passengers  is  the  complete  equipment 
of  lifts  for  passengers,  baggage  service,  etc. 
In  all  eleven  lifts  and  hoists  have  been  in- 
stalled, all  worked  by  electric  current  supplied 
by  the  ship's  generating  plant  at  a  pressure  of 
110  to  120  volts. 

Of  these  hoists,  the  two  passenger  lifts  run- 
ning within  the  stair-well  are  probably  the 
most  interesting  in  the  ship.  These  travel 
through  a  height  of  36  ft.  3  ins.  between  the 
main  and  boat-decks,  opening  on  to  the  splen- 
did vestibules  or  halls  on  each  d(»ck  leading 
to  the  various  public  saloons  or  to  the  alley- 
ways through  the  extensive  ranges  or  cabins. 

Ventilation.—  The  thernio-tank  system  has 
been  adopted  in  connection  with  the  ventila- 
tion of  the  ship.  This  system  alms  specially 
at  insuring  to  all  the  living  quarters  of  the 
ship  a  continuous  supply  of  fresh  air.  which  is 
not  only  warmed  to  the  requisite  degree,  but 
is  also  humidifled.  so  that  none  of  the  bad  ef- 
fects of  over-drying  can  be  felt.  In  cold 
weather  the  warmed  air  is  discharged, 
through  a  regulated  louvre,  into  each  apart- 
ment, near  the  level  of  the  ceiling:  as  it  cools 
it  gradually  sinks  to  a  lower  level.  carr>lng 
with  it  any  carbonic-acid  gas  to  the  passage- 
ways, where  means  are  provided  for  allowing 
it  to  pass  outside.  In  warm  weather,  or  when 
heating  is  not  necessary,  the  reverse  action 
takes  place,  as  the  louvres  near  the  ceiling 
constitute  the  exhaust,  with  the  result  that 
the  warm  impure  gases  leave  the  top  of  the 
room,  and  fresh  atmospheric  air  comes  in  at 
the  floor-level. 

The  thermo-tank  generally  consists  of  an 
electric  motor  operating  a  fan  which  dis- 
charges air  to  the  outside  of  a  tube  heater. 
The  air  then  passes  through  the  tubes,  and 
comes  in  close  contact  with  the  heater  sur- 
face, flowing  thence  to  the  main  distributing- 
trunks.  Two  valves  are  used  for  controlling 
the  passage  of  air:  one  for  regulating  the  tem- 
perature, while  the  mushroom  valve  on  the  top 
is  provided  for  the  exhaust  air.  It  will  be 
noted  that  the  air  pass€>s  round  the  outside  of 
the  heater  on  its  way  to  the  tubes,  so  that  the 
loss  from  radiation  is  very  small,  the  outer 
casing  of  the  thermo-tank  being  quite  c*ool  on 
all  occasions.     The  heater  is  warmed  by  steam 
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THE  ''LUSITAXLV 
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lly  every  firm  of  turbine-buildeni  In  Great 
Britain.  The  wheel  illustrated  was  for  the 
low-pressure  turbine,  and  each  wheel  weighed 
11  \  tons.  Owing  to  the  great  contraction 
that  takes  place  in  steel — double  that  of  cast 
iron — the  greatest  possible  care  has  to  be  ex- 
ercised in  the  molding  of  such  huge  wheels 
to  avoid  possible  failures,  and  only  long  foun- 
dry experience  and  skill  can  overcome  the  dif- 
ficulties. 

The  turbine-blades  vary  from  2  >4  ins.  to  22 
ins.  long.  In  the  longer  blades  the  necessary 
radial  and  lateral  stiffness  is  obtained  by 
means  of  three  rows  of  shrouding,  in  which 
expansion  is  allowed  for. 

The  foregoing  extracts  have  been  taken 
from  an  exhaustive  description  of  this  modern 
ship,  in  "Engineering"  (l^ndon)  of  Aug.  2. 
Sixty-six  pages  of  that  issue  were  devoted  to 
the  subject,  embellished  with  over  180  line 
drawings  and  half-tone  illustrations. 

Official  trials  were  made  of  the  Lusltania 
July  2S-31.  In  the  first  trial,  a  4S-hour  run.  a 
mean  speed  of  25.4  knots  was  made  under  the 
normal  draft  of  32  ft.  9  ins.  on  the  Atlantic 
trip    < displacement.    37.000    tons). 

The  Lusltania  started  on  her  first  voyage 
to  New  York  at  about  6  P.  M..  on  September 
T.  leaving  her  berth  on  the  Mersey  amid  the 
cheers  of  the  assembled  thousands,  whose  en- 
thusiasm and  numbers  were  quite  commen- 
surate with  the  importance  of  the  event. 
She  left  Daunt's  Rock  at  12:10  p.  m..  on  Sun- 


day, Sept.  8,  and  arrived  at  Sandy  Hook  Light- 
ship at  8:04  a.  m..  Sept.  13,  having  made  her 
first  voyage  in  5  days  and  54  minutes.  This  is 
6  hours  and  29  minutes  better  than  the  best 
previous  record  from  Queenstown  to  New  York, 
made  by  the  "Lucania"  in  1S94.  The  daily 
runs  were  as  follows: 

NauUcal 
miles. 

First  day 561 

Second  day 575 

Third  day 570 

Fourth  day 593 

Fifth    day    483 


Total 2.782 

Average  speed  for  trip  in  knots 23.01 


COMPARATIVE  TABLE  OF  OCEAN  LINERS. 


Xame. 

Groat  Castorn  

Britannic   

Umbria  

Campania    

Kaiser    Wllhelm 

der  Qroaae   

IX*ui8chland     

Kal»er  Wllhelm  II 

Adriatic    

Lusltania    


Date.     JS 


1H.">S 
1S74 
lSS."i 
!«».{ 

IHflO 
IINNI 

11K>7 
1!H>7 


« 
c 

I  ® 

cdi  ^* 

SB 


»8 


is 

OQ 

14 

iri 

18 
1*0 

UO.STK)  ai>.000     22 

2:{.tM)0  'Ml.intO      23 

2G.<)(lO  38.000      28  V& 

a8.(KX)  44MNN>      23 

■45,000  08.4100  ♦25V4 


<W()  i>7.noo 

4.Vi       H.TAHi 
<MM»     1S.<MN» 


r.78 

72r> 

785 


7.<ri0 

."l.-VOI^ 
14.300 

:{o.ooi> 


•Trial  speed. 


PRE^'IOUS  RECORDS. 

Distance.  Boat       Hourly  aver- 

Shlp.  Cours«*.  miles.  Time.  When  mado.         day's  run.   age.  knots. 

Deutachland    .\.    Y.  — IMymouih.  .'J.H^^     Ti  days    7  hrs.  :tO  min. .  S*pt..    IIMNI  .Vl!»  X\M 

Kjila«-r    Allhi'lm   II...N.    Y -Plymouth.  .3.082     5  days  11  hrs.  5S  min. .  June.     IIMM  54H  23.58 

lUlarr     Wllhelm      der 
Grosae     N.    Y.— Cherbourg. 3.184     5  days  1(>  hrs     Jan..      llMMl  ."i74  22.03 

Lncmnia     N.Y.—Quei-nstown  2.800     5  days    7  hrs.  2:<  mln. .   Oct..      1S04  .'^rj  22.tH 

La  Province    Havre— N     Y 3.170    0  days    3  hrs.  24  mln. .   May.     IIHH;  541  21.53 

The  New  York- Plymouth  record  has  l>een  in  dispute  since  the  Kaiser  Wllhelm  II.  made  her  fast  trip 
Id  1!sM  The  Kaiser  sailed  the  long  course,  and  therefore  the  North  German  Lloyd  officers  claim  the 
T^ortX,      All    dlstanci-fl    recorded    In    nautical    miles.    [One  knot         1  nautical  mile  («l.0^^0  ft.)   per  hour.] 


aUTON-S  BOAT.  THE  "CLERMONT" 


i-uiiHldtTnblf  lenRth  la  Technical  Literature 
tor  AiiKUKi.  and  we  now  brleHy  aupplement 
that  pmwniatloD  of  the  subject  wlili  a  few 
nt  ihf  dliHousioual  details  of  Fulton's  boat,  to- 
Kfthcr  Willi  Illustrations  which  bsve  be«n 
r«-|iri>dui-^  from  originals  appeartns  Id  tbe 
ji'iirit»I  atH>v<?  quoted, 

fhf    ■i.'UTmouf    wa*    133    ft.    long.    l>    (t- 

:>f.tti!    «  ::    dei.ch  of  hold,  t  ft.  «  Uw.  draught. 

.'till   ■?■■  '.i'"*  t.'i«onis  meiiiurement.     The  en- 

j;.::<-      A<r-   i'-.f.     I  --vtUb.  had   b««B  completed 

;■■■.   ■.^    :     .1-;    -ji  -.fia  *i:?!»d  to  the  I'nited 

S.d;;s  .•■■■--    >'■;  -•=    ff-  £::«Licd.  w»s  of  the 

.'V     ^M-i       ■:.«     :=-.ro';;-fl   ^y    rhe    makers 

■.-i    .V  ."v    ■::i-.    ii-^       :■.    hid    a   at?;- 

,' .      ;-     :   i;;.:--.-   -■      *  i'-  s'rok*.  and 


''  'rX 


no.   -       II'       I  ■ '  :  ■  i  ■ ;        '.i  I  M  ■ 

buv-  TlM  total  voySKB  at  115  mllrs  wos 
mad*  at  tli«  rato  of  nearly  Hve  mllcm  [k>i- 
luwr.  RMurnlOB  the  day  rollowim;  10  Cter- 
■Doni.  Pnlton  ;>rtM-<>«d(u]  to  N«w  York,  having 
n^Biiilvlpil  the  reiurB  voyage  at  about  Ihi) 
ian«  aprnl-  Tbta  waa  followed  by  a  numbnr 
of  otkm-  IrlpB.  whlth  weru  hardly  suFcerifnl 
ftBaadaltr.  U«fon>  Ihn  •canon  rlowd  the  pad- 
4la-whc«U  wvra  buied  Id  and  uutalde  Kuarils 
flilad:  durtoK  the  wlDlnr  of  1HII7-H  lh«  "Crer- 
aont"  was  lengthened  to  168  ft  ,  tluBh-deckoU 
rmtB  *l«Bi  to  atem,  and  Dtted  with  cabins  and 
'   n|.   2  .      Bafore   the   end   ot   Ae 


Buijuiii    of     IMIS    •he    provrd    loo   smull    for    tb« 

number   nf   paawingor*    who    wrrc   nnxtoiii    to 
travel  tiy  her. 

.Id  the  followlnit  (ablv  Iho  principal  data  of 
the  "Lusllanla"  and  ib<9  "Clcrtnoat"  are  glfea. 
togvtlier  with  tbclr  rcspecttve  rntloa. 

Lualtanla.     Clurmonl.     Ratio. 

length     783   rt.         133   ft.  •■.■ 

Breadth    S8  ft.  U  fL  t:l 

Ltopth     6U.37   It.  •  ft.  10:1 

Tonnage    32,S00   lona     160  ions     1(13:1 

HP «8,oao  19  9.SS0:l 

Sii«od  In  knots         SS  1.4  ft.7:l 


THE  ICE  PROBLEM  IN  ENGINEERING  WORK 
IN  CANADA' 


HOWARD  P.  BARNES.  D.  Sc. 


During  ibe  M-torw  CUnadlan  winter  there  la 
OfwUent  opporiufllir  for  ihn  phyaldit  to 
■uhIj.  oa  a  grand  arale.  tho  operatloik  of  tbo 
■sinral  laws  tovernlng  ih<<  formation  of  ko 
In  tba  vaaj  farm*  with  which  It  la  met  In  the 
larf  sad  otian  turbulent  risers.     To  the  ea- 

*rnm  ■  aapw  rmt  htton  Smian  a  oi  tb*  Bmnh 
■  ■■■tlloa  al   LakvUM.   AdcvI    T.    liaiT. 


glnoer  tba  problvni  ■■  mora  MrloRa.  for  tb*  d»- 
velopaient  of  the  rsai  water-lMWera  of  llw 
conntr)'  miiat  Inrliido  means  of  rombatlag  Um 
ice  troubles  which  arl*e  each  winter.  What 
prmrnta  llM>1f  during  the  ■ummcr  monthi  tor 
ronalderalkin  la  Bmall  compared  lo  what  must 
be  met  during  the  winter  month*,  whan  lc«  Is 
(ormlDs    rapidly,    and   lc»-brldget,   dsrai.   aut 
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tiho\fs.  max  chuut%t*  the  whole  vhuructor  of  the 
U-\el.s  ttud  vhauuels  iu  a  siLi^lv  uig:ht.  Hivers 
aie  iliii>  kiiowu  lo  have  boeu  turned  entirely 
iMit  oi  I  heir  i-ourse  lutu  new  channels  during 
a  sillier  ol  unusual  severity,  and  In  ^onle  in- 
:>Uiiii;es  I  he  reversal  of  a  rapid  is  of  yearly  oc- 
cuiieuve.  No  one  set  of  conditions  may  be 
Mild  lo  hold  fix»ui  >ear  to  year,  on  account  of 
ilK-  \aiidiion  in  the  se\eriiy  of  the  winters, 
rhi'ieioie.  L»eioiv  an  engineer  in  g  scheme  is 
cdMied  oui.  a  caivful  study  is  usually  made  of 
urik;hi»oiiut;  conditions,  previous  summer  and 
witiUT  !f\els.  »i!d  deductions  made  from  a 
o'li.Nidt-rai'.Lon  of  uaitve  liaduions  over  an  ex- 
U':ivl-J    •.r*«;:on    round   aboul. 

\v«\*hv':e  vitii  o:u'  wiiuess  a  mort*  wonderful 
> : t; ii  •  *.' f  '.  :U'  d c ! i c :ii e  po isi u ^  of  the  l o r ws  of 
\.i-.-.i  V  ihii'.i  vj  oiie  oi  :^.e  Canadian  •/iven*  iu 
«  m:*.'/  !^e  *icadi'.:e«w  of  '.he  teutperaiure  of 
\')k'  vi  .1 ;  J :  .  Ji  t>.» u «itio M '.  '.He  : ce  ?easo u  is  a  ma i - 
:vi  .'i  :;*ea:  luietest  li  seidom  varies  more 
•.*i.i:i  .1  icH  ihousaud'.hs  of  ci  desretf  from  :he 
■  ■  vi'A'.:ij;-po;ii'.  e^v.*M  ;:i  '.ae  severe*',  vkea^her. 
!>  N  .>  .Vie  '.o:  r!*er>  rlo^iu?;  Uh.»  s^iflly  for 
> .1 . « .1  .V- :ev  '. o  '. o :  l- r  .< >  ^* e  '.  A s  lo V  \i^  vi M iet e r 
xu  va:f;>   '»:oU'v'.ed    '-•>    jlh   ice  ^x'\ev:lia: 

. :     4».  :i V s  .t       '. :i •  t-v    i  1  u d >    01    1  ce    ii :e    d: i^'. : ii - 

^  .  >1 ' -. i!      .1  ?i a    ■.' : ve^v:: ".     J c a '  .i .■  •. -.' v : s". . ^ >    '-j :o ■.: »: b: : 

.i  ■  ^'  .        >  ^       n  %• ;  1     : • !  ^' ^  1  jd    w'l    ;,■ :  •.*\.l  . c '  •. o  'jl       :>-j  :■- 

.  V     .•      ''i"}--\'.    XV    '-.v  I'.-'i    j^v     'r!^    s'iv;dLce    o. 

;      ■         .1 -v-.  "*    .♦;         ■•':    '^.    .t'i..:      >    J-:*.>, '  .i  ?"c    or    '.:%.»'. 

^'.  .i'   !  ^.  •:.;    .'ii    '.I'j    ".'a' ■%.■.»  .ii    ■jvuJ".'^::^.       Sv'iv,"- 

.1  .1  -.-..■  t.>  >   ..t'l'vd    '•!    v'u'i.ii.i.    :'.ii;- 

.♦       -N    '.\:.',-\i    \-   "%  .     "i.^'  .ij;  "a  .  o:i    ■'   ^-.'  :■...•>,■ 

.>.'.;•      ".**•.■  i**     '.J -J     ^  A  v:-l'.i.  .^.    ji'i'J.    .i.v"  .:Ij  ,- 
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is  found  to  follow  more  or  less  compietely  the 
contour  of  the  bed  of  the  river.  In  some  parts 
of  the  St.  Lawrence,  thicknesses  80  ft.  deep 
have  been  measured  by  a  sounding-rod  let 
down  through  the  spongv'  accumulations 
through  an  opening  in  the  surface  ice. 

Anchor  ice  grows  in  large  quantities  during 
the  severe  weather,  not  only  by  radiation,  but 
by  the  general  adhesive  properties  of  the 
frazil-ice  during  the  time  in  which  the  water 
is  in  a  super-cooled  condition.  Open  portions 
of  the  St.  L-iwrence  are  observed  to  rise,  dur- 
ing iold  weather,  several  feet,  owing  to  the 
accumulation  of  ice  on  the  bottom.  This  ac- 
cumulation is  not  without  benefit  to  power- 
users  while  it  lasts,  for  it  is  probably  the 
mos:  effective  agent  in  clearing  the  water 
from  frazil-tce  that  is  known.  Shooting  up 
in  lonj:  needle  crystals  through  the  water,  tak- 
ing arbores<.en:  forms,  it  attaches  and  filters 
a  *:reat  deal  of  the  fine  iloatine  ice  swept  down 
by  curren's.  I:  is  a  =ia*ter  of  comment 
amongst  p«.*wer- users  :ta:  :ttre  is  le^s  fear 
from  ice-:70ui?".es  during  prolonged  cold 
weather  than  wi-::  •.he  weacher  Ls  intermit- 
teu:!>  vfcar:::  a-d  co'.d.  jl  ooadi:ion  whioh  keeps 
'.he   ?o:'.«jii:   'Isit.:-    v.!ear  of  anchor  ice. 

A  >:'idy  o;  ri-e  :em?^rj.:'ire  '.ondif-ions  in 
'.h-j  ^*ji:er  d  j.:'\'j.j:  -I't  production  of  these 
: ,* r • 'J >  o ^  1 ». e  >1: o  *  >  :'z±'  *: h is  is  acco m panied 
^>  .1  >:mj1  '.-t'liyK-rivi-r^T  ier.*ression  in  the  wa- 
:  r :  .1  '.^'  o  ;  - '. : ::  :i  '  .*  s  :'-^  'v  :  2  c  lisand"  hs  o  f  a  d-r- 
i'vn"  ','■:''-"  "..i*".!  J".  "_^i-"'. Hi  "he  ^ever*?  weather 
■. >-/  -v.i.ji-  ■-:>  '^T  :s  '..'. .-.'■v-^  m:-:  a  sLizh'ly  siiper- 
-s'.v '.  J  >'.i' .  i  ;  ■ -ti  Aiiioii  ".inie  ch.e  ice 
=^'  "^.-i!?  d."v  i-;  ^  uvc  r-.i;?ii!:*  3y  coacin'ied 
::  '-•<:  ■'. . . :  s  .  -  ~  -;■■■■■:  t;  " '  >^  "  ■-'  '  '^*^  agglomerat  tng 
?"..ii'.  1  ? .  :  :■  -  .■>%  ■.  ;:j*:vh»f  r  :a"o  I'lmps  and 
:•■.:.-».  ..  -■■»•:>.  .i"-:  li  >..■•:•  '.J  :he  r:icks  or  to 
^•.  .  I .  :  . .  .-L  .!•:  \\>>-.  -^u'es  or  ■•irbiaes. 
>i.-    .'  .  .v>^     ■-•.    •  •.   ■  ■■-^•r '.'7  ■■.1,1":  :■  will  L3.:er- 

■-.  •  u  -^.-   .   .  ■.  .    \  ■  1     i-.'   .•ijer.inion  of  ;:he 
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coolei.  It  \»  not  found  nocffFBary  to  warm 
the  entire  volume  of  water  passing  through, 
which  would  l>e  very  contly  and  difficult;  but 
by  applying  the  heat  In  the  racks  or  wheel- 
canes,  or  blowing  steani  about  the  affected 
party,  the  ice  is  prevented  from  gaining  a 
f(K>th(iId.  The  ice  is  as  effective  as  so  much 
water  in  producing  a  head:  hence  the  neces- 
sity of  passing  it  through,  and  not  allowing  it 
to  freeze  to  the  metal  surfaces  of  the  machin- 
ery. 

In  places  where  tbo  steam-Injected  system 
ti«  installed,  no  trouble  is  experienced,  even 
In  the  most  severe  weather:  thus  completely 
demonstrating  the  feasibility  of  coping  with 
a  situation  which,  for  many  years,  has  been 
regarded  as  involving  inevitable  interruption 
to  the  continuous  operation  of  the  plant. 

The  most  effective  prevention  to  the  forma- 
tion of  both  frazil  and  anchor  ice  is  the  pro- 


tection afforded  by  a  surface  sheet.  When 
a  power-house  is  located  at  the  foot  of  rapids, 
or  at  the  head  of  a  rapid  with  open  water 
above,  means  are  taken  to  construct  a  head- 
race of  sufficient  magnitude  to  serve  as  a  set- 
tling basin  for  the  ice  drawn  in.  Much  of 
the  ice  is  deflected  at  the  head  of  such  a  chan- 
nel by  the  construction  of  booms  or  crib-work. 
Even  in  this  case  a  large  staff  of  men  max 
have  to  be  employed  to  cut  channels  through 
the  ice  of  the  head-race  to  allow  of  sufficient 
water  for  the  turbines. 

In  cases  where  a  channel  to  a  power-house 
is  fed  from  rapids,  the  growth  of  surface  ice 
over  the  channel  is  often  a  disadvantage,  and 
artificial  means  are  employed  to  keep  the 
channel  open.  The  frazil-ice  which  passes  un- 
der the  booms  is  passed  along  as  quickly  as 
possible,  and  handled  by  artiflcial  heat  at  the 
wheel-house. 


THE  PRESENT  POSITION   OF  GAS  AND 

PETROL  ENGINES* 

By  DUGALD  CLERK 


The  present  position  of  the  internal-com- 
bustion motor  industry  in  Great  Britain  is  one 
of  sound  commercial  prosperity.  At  no  pre- 
vious time  have  the  gas  and  oil  engine  build- 
ers had  so  many  orders  in  hand,  and  never 
before  have  these  motors  been  applied  so  suc- 
cessfully to  so  many  different  purposes. 
Smooth  success,  however,  is  not  interesting 
from  the  point  of  view  of  the  scientiflc  inves- 
tigator or  inventor:  and.  accordingly.  I  pro- 
pose to  discuss  the  pri^ent  position  with  re- 
gard to  existing  difficulties  rather  than  ex- 
Utlng   successes. 

Engines  of  small  and  moderate  powers  are 
built  in  large  quantities:  their  difficulties  have 
been  thoroughly  overcome  and  they  have  at- 
taine.l  to  an  almost  fixed  type.  The  larger 
part  of  the  British  gas-engine  industry  is  oc- 
rijpied  with  such  motors,  generally  under  100 
HP.  per  cylinder.  The  turnover  in  Britain 
at  present  of  such  engines  is  at  the  rate  of 
»ome   31*0  engines  per  week.     It  is  generally 

'.^tichily  <^nd«nMd  from   a  iMit*<*r  rfod  ttrfore  tbr  Ilrii- 
i*b  A**o*utmD  at  Lrlcrster 


recognized  that  these  engines  are  as  reliable 
as  the  best  steam-engin(>s  of  similar  dimen- 
sions and  much  more  e<-onomicaI  in  fuel  con- 
sumption. The  smaller  engines  mostly  use 
coal  gas.  and  the  larger  producer  gas.  evolved 
by  means  of  modern  suction  producers  using 
anthracite  for   fuel. 

Experience  in  the  construction  and  design 
of  the  large  gas-engine  is  accumulating.  They 
are  better  understood  in  Britain  than  they 
were  even  three  years  ago.  It  is  a  remark- 
able fact,  however,  that  engines  which  at- 
taincHl  a  reputation  for  success  upon  the  Con- 
tinent were  not  at  first  successful  here.  This 
is  shown  by  the  fact  that  the  Koertlng.  Oech- 
elhauser.  and  the  Cockerill  engines  had  all  to 
be  modified  in  their  construction  by  the  British 
engineers  who  undertook  their  manufacture 
here.  This  is  also  true  of  the  Diesel  oil-en- 
gine. Alterations  have  been  made  in  England 
to  fit  it  for  the  conditions  of  practice  here. 
All  these  engines  have  been  much  improved 
in  the  last  few  years,  and  they  are  now,  no 
doubt,  better  able  to  compete  m-lth  the  steam- 
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engine  with  regard  to  reliability  and  freedom 
from  breakdown. 

Large   gas-engines   of  English   design   have 
also  been  built  in  greater  numbers,  principal- 
ly by  the  Premier  Company,  Messrs.  Cross!ey 
Bros.,  Limited,   and   the  National   Oas-Engine 
Company.      English    designers   have   also   felt 
the  desirability  of  keeping  down  cylinder  di- 
mensions   as    much    as    possible,    and   in    this 
Continental   designers  have   recently  shown  a 
strong  tendency  to  follow  them.     This  trend 
is  due  to  a  more  general  recognition   of  two 
facts:    practical    difficulties    with    large-diame- 
ter  cylinders   due   to   unequal   expansions,   re- 
sulting in  cracking,  and  a  better  appreciation 
of  the  fact  that  increase  in  cylinder  and  other 
dimensions   requires  an  increased  expenditure 
in    metal    and    workmanship    in    greater    pro- 
portion than  increase  of  power  obtained.  The 
large   gas-engine   really   presents   two   distinct 
problems.     The    first   is    to    build    engines    of 
large  power  which  will  continue  to  run  effec- 
tively and  economically  for  long  periods  with- 
out breaking  down,  and  the  second  is  to  build 
such  engines  at  costs  sufficiently  moderate  to 
enable  the  engines  to  effectively  compete  with 
the  large  steam  engines  in  the  matter  of  first 
cost.     British   engineers   recognized    for   some 
time  that   the   first    part   of  the   problem   has 
been  solved  to  some  extent  on  the  Continent, 
but  many  of  them  have  felt  that  this  solution 
has  involved  weights  of  material  and  costs  of 
construction    which     are    almost     prohibitive, 
considering    the    moderate    powers    obtained. 
In  fact,  English  engineers  consider   the  large 
gas-engine    as   it   at    present    exists    both    too 
heavy  and  too   costly  for  its  power.     Person- 
ally,   I    do    not    believe   that   sound    and    con- 
tinued commercial  success  can   be   looked   for 
with  really  large  gas-engines  until  some  better 
solution  be  found   for  their  present  const truc- 
tive  difficulties.     Apart  from  the  questions  of 
the   engines  themselves   there   are  other   diffi- 
culties which  prevent  the  equal  competition  of 
gas-engines    with    steam-engines    for    powers, 
say,  greater  than  400  HP.  or  500   HP.     Coal 
gas  is  too  expensive  a  fuel  for  large  en:j;:ne3. 
Producer    gas,    evolved    by    the    suction    pro- 
ducer  from   anthracite,   air,   and  steam,   effec- 
tively   meets   the    wants   of    medium-sized    en- 
gines up  to  200  HP.,  but  the  cost  of  anthra- 
cite   handicaps    engines    of    larger    size,    and 
equal    competition    will    not   be    possible   until 
better  bituminous  fuel  producers  are  designed 
than  those  which  at  present  exist.     The  work 
on   the  Continent  has  not  aided  the   solution 
of    the    bituminous    fuel     producer     problem. 
Practically    all    the   large   Continental    gas-en- 


gines   are    operated    with    blast-furnace    gas. 
Some  success  has  been  attained  in  Britain  as 
the  result  of  strenuous  and  praiseworthy  ef- 
forts by  Dr.  Mond,  Messrs.  Crossley,  and  oth- 
ers, but  it  cannot  yet  be  said  that  an  entirely 
satisfactory     bituminous     producer     has     ap- 
peared.      In  my  view  no  bituminous  fuel  pro- 
ducer   can    be    considered    really    satisfactory 
until  it  attains  simplicity,   lightness,  and  the 
fewness  of  parts  of  the  anthracite  suction  pro- 
ducer which  now  forms  so  large  a  British  in- 
dustry.    Returning,    however,    to    the    engine 
difficulties,  the  large  gas-engine  may  be  con- 
sidered   as    combining    the    difficulties    of   hy- 
draulic engineering  work  at  considerable  pres- 
sure with  those  proper  to  a  boiler  furnace  or 
flue.     The  possible  pressure  to  be  resisted  by 
such  engines  cannot  be  taken  as  less  than  400 
lbs.   to   500    lbs.   per  sq.   in.,   and   a  heat  flow 
through  the  cylinder  and  combustion  chamber 
walls    has    to    be    provided    for    greater    than 
that   of    most   boiler   furnaces.     It    is   obvious 
that  here  we  have  contradictory  conditions  in- 
volved, which  become  rapidly  onerous  with  in- 
crease of  dimensions.     Thick  castings  are  re- 
quired to  stand  the  high  pressures,  but  to  al- 
low free  heat  flow  from  the  flame  within  the 
cylinder  to  the  water  in  the  water-jacket  calls 
for   thin   castings.     Engines    of   small    dimen- 
sions do  not  involve  any  serious  conflict,  but 
where  metal  is  required  of  about  3  ins.  thick- 
ness to  resist  internal  pressures  the  tempera- 
ture  difference  between    the   flame  and  water 
side  of  the  metal  becomes  serious,  and  great 
stresses   are   set   up  which   ultimately   lead  to 
the  cracking  of  the  castings.     Great  attention 
has  been   paid  to  this  phenomenon   of  crack- 
ing, and  in  existing  large  gas-engines  the  diffi- 
culty has   been   partly   met  by  skillful   design 
and  special  quality  of  metal  used.     Although 
much   ingenuity   and    skill   has   been   spent   in 
this  direction,   yet  it  is  found  that  a   dimen- 
sion   limit    is    very    soon    reached.      Cylinders, 
for   example,    of    51    ins.    diameter   have    been 
found  to  be  too  large.  Nothing  but  the  highest 
skill    in    designing    and    the    greatest    care    in 
the  choice   of   material    and  workmanship   en- 
ables such  cylinders  and  combustion  chambers 
to  withstand  for  any  length  of  time  the  severe 
treatment  to  which  they  are  exposed. 

In  a  paper  which  I  had  the  honor  to  read 
at  the  Cambridge  meeting  of  the  British  As- 
sociation I  directed  attention  to  the  question 
of  the  working  fluid  of  these  engines,  and  de- 
scribed experiments  which  1  had  made  and  en- 
gines which  I  had  built  with  the  aim  of  re- 
ducing the  mean  temperature  in  order  to  re- 
duce heat   flow.     Good    results   were   obtained 
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)  •nfliKM.  but  I  rani«  lo  the  tou- 
I  Uat  ui«  lustboda  of  reducInK  leinperM- 
«  adBptvd  did  noi  go  far  fnough.  For 
Utraa  ytmn  1  havtr  lieoii  atti.*mpting 
)•  nwxlniuni  prenaumn  as  well  n*  loiu- 
»  Wllbaul  rtduclng  mean  preiiaitrei  lu 
<tD  dlBllBlBta  Ihe  welBht  of  the  cnxluea 
d*«B  power  and  M>cur«  moderate  th  ck- 
cjlltwlera  and  com  bu at  Ion  t.i amber 
Tbere  are  aeveral  waya  ol  rediiclug 
tur««    Mid    maximum    pretBured    wlili- 

Rf  mcKit  preasure*.  bui  all  re4.iir(> 
UNianle  knowledge  of  ibe  proper- 
Mrklag  lluld  thnn  wp  hi  pre  ojl 
Bwlutlon  at  the  prohleni  appoara 
Bbvndlni.  and  1  am  now  at  work 
nv  ailempts  have  been  made  to 
tBd  tiui  K>"-«DKtQ«  by  Dr.  Otto,  Mea^rn. 
r.  Mr.  Butler.  Mcian  Ukk.  Kerr,  un4 
I  oUian.  and  1  mraell  have  alao  al  va- 
!■»•■  bvlJt  eip«rlmeutBl  cumpound  en- 
No  aui!te«>.  however,  bus  yel  been  at- 
There  Is  do  difficulty  In  Kettlng  aome 
rtMn  the  low-preaaure  cylinder,  but  thp 
lal  wtM-k  obtained  wa»  always  too 
I  anouBt  to  JuHilty  the  expeme  of  the 

■  CTHn(t«r.     The    lack    of   Burceie    wad 
'  due  lo  liDoranci.-  of  the  rates  of  t-col- 

worklnic  fluid  at  dUTrreni  lomtera- 
tad  pressures.  Rxperliiienis  made  with 
•el*  do  not  give  tnucb  Informarton 
points.  1  luund  It  neccs- 
I  expertmrnt*  of  ihls  nature  on 
Hue  ttselt  In  ll»  working  condition,  In- 
I  mi  cloaed  veasela.  At  the  beg.nalDg 
I  I  de^Kned  «  new  method  and  per- 
ft  eooaUlervble  number  of  vxpeiloienis 
l*HP.  caa-englne,  by  means  of  whlrn  1 
I  a  nmlluK  curve  lu  the  actual  entclnu 
.  at»d  much  other  iDformallon  o,  a 
kalare  (mth  from  the  sclentlllc  and 
ellotl  polnia  of  view.  Its  action  was 
I  br  •(■  altering  the  valve  arrange- 
kM  «l  any  dealrvd  moment  bot  i  lalet 
valve  and  nxhausi  valve  could  be  held 
ftnil  with  ihiH  device  I  was  enxblei  to 
trams  rrvm  which  a  cooling  curve  could 
mlated.  One  of  these  diagrams  la 
al     Fig.     I.       11    will     be    seen    that 

■  I    charging   stroke — compression,   ei- 
L   and   ezpanalon — Is   performed    proper 

(o«r-crcl*  gaa-«ngtne.  but  when  the 
t  period  approaches.  Instead  of  opening 
isat  vaire  and  dlscbarglng  the  gasea 
voper  polai,  the  valves  are  all  kept 
isd  BO  cases  are  allowed  to  escape 
I  CTltader.  The  eoercr  stored  up  In 
heel  accordingly  cavsM  the  piston  to 


cumpreaa   tbe   whole   contenls  of  the  c] 

Into  the  comprnaslon   space,  and   Ihe  tvi 

iur<^     which    had    fallen    by    expansion    rises  1 

again  by  compremlnn,     A  point  Is  touched  bj'J 

ihf  Indicator  p«Dcil   on  n  vertical   line  at    thai 

compnvslun  end  of  the  card.     On  expanding; 

a    line    below    the    Urst    compression    line 


no.   1. 

dniwn.  then  the  uexi  lu-*troke  iracmi  anoilivr 
ruuipreaslon  line.  In  thle  way  a  serlei  of 
comproaalon  and  expansion  lines  are  obtained, 
each  termlnatlnc  undrr  compression  at  cer- 
tain stieclflc  points.  These  poluts  are  suc- 
cessively lower  In  order.  In  this  partlctilar 
diagram  It  will  be  observed  that  before  the 
ordinary  compression  line  ot  the  engine  Is 
reached  six  ot  Ihese  points  are  marked.  If 
no  cooling  look  place  In  the  cylinder,  obvi- 
ously whenever  the  volume  was  restored  lo 
any  particular  point — that  Is.  say.  to  the  vol- 
ume ot  the  compression  space^-no  fall  ot  tem- 
perature would  be  visible  between  one  revolu- 
tion and  another.  The  compression  and  ex- 
pansion lines  would  coincide.  The  fall,  aa  you 
see.  Is  Rradually  decreasing  from  revnlutlon 
lo  revolution.  This  gives  an  Idea  of  the  time 
taken  to  lose  heat  to  tho  cylinder  walls  with 
all  Ihe  engine  pans  In  their  ordinary  state. 
Tbe  temperature  fall  from  point  to  point, 
however,  la  not  entirely  dae  to  heat  loss. 
Some  of  the  heat  dlsjippears  as  work  done. 
A  certain  amount  of  the  heat  Is  converted  Into 
work  at  each  reciprocation.  This,  howeter. 
can  be  allowed  for,  and  n  cooling  curve  ob- 
tained which  shows  Ihe  real  temperature  drop 
du*  to  cooling  upon  the  expanding  and  coa- 
presslng  lines.  From  Ihls  curve,  by  ssme- 
whnl  troublesome  calculations  which  I  need 
not  enter  Into  here,  the  apparent  speclHc  heat 
of  the  charge  can  t>e  obtained  tor  eack  ex- 
pansion line.  Tables  1  and  II  have  been  eak 
cttlaled  from  the  number*  »o  obtained.  Thee* 
table*  clearly  show  that  the  apparent  epedfti! 
beat  of  tbe  working  Snid,  which  oonflata  nf 
the  product  ot  romhustlon  In  the  cylinder  of 
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thlB  particular  engine,  Increases  conslderably 
with  temperature,  so  that  the  Instantaneous 
value  la  about  28%  greater  at  1,000°  C.  than 
it  Is  at  100°  C,  while  at  1,500°  C.  the  In- 
crease amounts  to  31%.  The  mean  apparent 
specific  heat  between  0°  C.  and  1,000°  C.  Is 
15'/(  greater  than  It  Is  at  100°  C;  between 
0°  C.  and  1,500°  C.  It  Is  20%  greater.  These 
apparent  specific  heat  numbers  enable  me  to 
obtain  a  curve  of  heat  loss  to  the  sides  ot 
the  cylinder,  either  tor  complete  double 
strokes,  or  (or  partial  double  strokes  at  the 
inner  end  of  the  stroke. 

TABLE  1. — Apparent  Specific  Heats  ( In- 
stantaneous) at  Constant  Volume  In  Ft.-Lbs. 
per  Cu.  Ft.  of  Working  Fluid  at  0°  C.  and 
760  mm. 

Temp.     Sp.    Heat  Temp.       Sp.    Heat 

Dega.    C.        Ft.-Lbs.  Degs.    C,     Ft.-Lbs. 

0  IS. 6  SOO  26.2 

100  20.9  900  26.6 

200  22.0  1,000  26.8 

300  23.0  1.100  27.0 

400  23.9  1,200  27.2 

500  24. S  1,300  27.3 

600  25.2  1.400  27.35 

700  25.7  1,500  27.45 

TABLB  II. —Mean  Apparent  Specific  Heats 

(Constant  Volume)  In  Ft.-Lbs.  per  Cu.  Ft.  of 

Working  Fluid  at  0°  C.  and  760  mm. 


Temp. 
Degs.  C. 

Sp 
Ft 

Heat 
.-Lbs. 
20.3 
20.9 
21.4 
21.9 
22.4 
22.8 
23.2 
23.6 

Temp. 
Degs.  C. 

0-900     . 
0-1.000     . 
0-1,100     . 
0-1.200     . 
0-1.300     . 
0-1,400    . 
0-1,500     . 

Sp 
Ft 

Heat 
.-Lbs. 

0-800     .. 

Fig.  2  abows  four  such  curves.  The  curves 
a.  b  represent  the  beat  tosses  Incurred  In  com- 
plete revolutions — that  Is  to  say,  in  complete 
double  strokes.  Here  the  surface  exposed 
and  covered  alternately  Is  that  due  to  the 
whole  sweep  of  the  piston.  The  curves  a',  b' 
represent  losses  Incurred  at  the  upper  three- 
tenths  of  the  double  stroke,  while  the  piston 
moves  from  three-tenths  stroke  to  the  end, 
compressing  Into  the  clearance  apace,  and  then 
moves  out  again  to  the  point  of  three-tenths 
of  the  outward  stroke.  The  ordlnates  give 
heat  loss  In  toot-pounds  to  the  second  and  the 
abscissae  mean  temperatures  per  total  stroke 
or  double  three-tenths  stroke.  This  table 
gives  Interesting  Information  enabling  approx- 
imate  calculations   to   be   made    dealing    with 


the  durability  of  the  working  fluid  exposed  to 
cylinder  surface.  It  has  enabled  also  Ini- 
portant  facts  to  be  discovered  as  to  the  mean 
temperature  of  the  cylinder  walls  and  the 
heat  flow  with  varying  density.  Curves  a.  a' 
were  calculated  from  experiments  made  with 
the  engine  running  without  load  at  120 
r.p.m.,  jacket  water  kept  at  a  mean  tempera- 
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ture  of  13°  C.  Curves  b  and  b'  are  calculat- 
ed from  experiments  made  with  the  engine 
running  at  160  r.p.m.  with  a  load  ot  150 
B.HP.  and  jacket  water  at  80°  C.  The  curves 
are  accordingly  marked  as  "Engine  cold," 
"Engine  hot."  Where  the  engine  Is  running 
cold,  the  mean  temperature  for  the  complete 
strokes  of  the  walls  Is  shown  to  be  about  65° 
C,  notwithstanding  that  the  jacket  water  Is 
13°.  For  the  three-tenths  stroke,  running 
cold,  wall  temperature  165°  C.  With  the  en- 
gine running  hot,  the  whole  stroke  shows 
mean  temperature  of  walls  190°  C;  tor  the 
Inner  three-tenths.  400°  C.  These  numbers, 
giving  quantitative  values  of  heat  loss  for  a 
given  cylinder,  enable  the  conditions  wlthla 
the  cylinder  walls  to  be  released  with  some 
accuracy.  In  this  particular  engine  the  walls 
of  the  combustion  space  are  about  Hi  Ins. 
thick,  and  calculating  tlie  temperature  gradi- 
ent In  those  walla  for  the  lieat  flows,  given 
temperature  difference,  say,  700°  C.  between 
gas  and  Interior  ot  the  wall,  gives  a  tempera- 
ture difference  In  the  metal  between  the  water 
side  and  the  gas  side  of  60°  C.  A  tempera- 
ture difference  of  1,000°  C.  between  gas  and 
inner  wall  gives  temperature  difference  In  the 
metal  of  104°  C.  These  differences  are  ac- 
centuated with  greater  metal  thickness  al- 
most In  proportion  to  the  thickness :  those 
with  the  higher  temperature  to  the  last  cal- 
culation a  thickness  of  3%  Ins.  wall  would 
give  a  temperature  difference  in  the  metal 
Itself  of  over  300°  C.     These  numbers  throw 
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mporuuit  IlKbt  upon  the  problem  ot  the 
ftu-casln«.  and  enable  mo  wlita  Bome 
>B<*  to  QXprrlrarot  upon  the  varlallaDs 
iBdieaior  dUxrani  and  iht.-  tmnafer  ot  hot 
rrom  cjllndrr  to  ryllndcr  required  for 
compound  log.  The  i?xper)m(>ntii 
•hnw  alKi  mnuT  Intemstlni;  nod  itopxpn-ted 
hKts  In  coniie«-tlon  with  (he  behavior  of  high- 
Irmperainrv  wvrklnit  fluid  In  ibmv  englnKS. 
Mich  rvRialDS  lo  be  done,'  howcvor.  and  I 
«ai  roBUanlnx  the  tnveatlRatlon  on  threp  en- 
gJBM  wUb  the  objert  o[  determining  (h«  lows 
ot  the  working  Huld  wlihin  the  Kas-crnglne 
rrllndar  more  rompletel)-. 

1b  niodtnoatlonii  of  I  he  oondlilons  ot  the 
warklajc  Bold  romblned  with  mechanical  mud- 
iSoiUanB  of  tb«  engine  using  It,  I  hope  to  And 
la  lb«  nmtr  future  some  more  HatlstBctory  so- 
luUoB  of  tbe  Urge  gaa-englne  prnblpm  than  ni 
preetint  eil»ti.  It  appears  (o  n]«  that  the 
problem  la  one  more  of  working  fluid  than  of 
pare  nectiaiiltni.  So  far,  however.  t)ie  con- 
•rrvKiKw  aiittude  of  Urttlsh  engineers  to- 
wnr4    Urt«   gaa-eDClnes   has   been   fully    JuhII- 

Aa  I  Imi*«  alrettdr  said,  part  of  ihi>  large 
^a  engine  prohl«m  depends  upon  the  pro- 
d*t«r.  A  bllumtnoua  fuel  producer  ot  a  type 
s«lt«h(«i  for  uae  on  shipboard  has  not  yet  beirn 
tkvlaHl.  and  uDtll  siicb  i  producer  1>  dpRlgned 
«a4  thoroughly  teeted  the  anthracite  suction 
prorfimn  of  today  will  not  allow  any  great 
•neasbMi  of  gas  motive  power  to  larg^  sea- 
CBlnc  n«MU.  Mr.  Capltalne  has.  1  am  In- 
foTMBd.  applied  an  engine  of  300  HP.  to  ii 
towlns  Maeel  on  the  Rhine,  but  as  yet  this 
■B>— iBt  ta  In  Its  early  Infancy. 

Th*  great  sucreaa  of  tbe  auction  producer 
In  raniMwilon  wlih  itatlonary  engines  on  land 
ha«  enabled  the  powvr  ot  gas-engines  In  use 
ij  be  very  materially  Increased.  Teats  at  the 
RDjrnl  Agricultural  Society's  show  last  year 
ha>«  proved  that  even  small  producer-driven 
mglna*  only  require  1  lb.  of  fuel  p^r  braXo 
borao' power  per  bonr,  Including  llgtaling-up 
and  stand-by  lossea  of  the  producer  at  night. 
Other  eipTlmnnts.  some  ot  tbem  by  mytelt. 
•kow  very  clearly  thai  with  n  good  auction 
prodnoer  we  can  obtain  ^y,i  ot  tbe  whotv  heat 
of  the  fuel  In  the  form  of  mnnm- 
nuMe  CKS  T«ady  tor  dtrllvery  to  the  engine. 
M«nr  te^ta  hare  shown  that  the  running  ron- 
HKpUon  at  many  of  (h«  engines  at  full  load 
do^  out  euoed  0.'^  lb.  ol  anthracite  per 
•iT«ke   ho(n«-paw«r   per  hour. 

fle  nnch  for  tho  position  of  the  gas-eDglno 
st  praaent,  t  hat*  only  a  few  worda  to  any 
aMst  pelnil  eBtlDM. 


Petrol  engines  operating  on  tbe  four  cycio 
by  virtue  of  high  speed  of  revolution  are  able 
(o  give  very  large  power  for  very  small 
weight,  and  they  give  a  very  talr  thermal  elR* 
clency  considering  Iheir  small  dimensions. 
Many  of  their  points,  however,  am  In  urgent 
need  of  careful  srlentinc  atudy.  To  one  point 
only  will  I  refpr.  os  experiments  will  throw 
Important  light  upon  the  nature  of  the  com- 
bustion occurring  In  these  motors.  This  year 
the  Koyal  Automobile  Club  has  mode  a  vain- 
able  set  of  eiperlments.  at  which  I  had  Ihv 
honor  to  assist,  upon  the  exhaunt  gaaea  given 
out  by  theee  engines  under  different  condi- 
tions ot  running.  The  experiments  clearly 
proved  that,  so  far  bh  visible  smoke  waa  con- 
cerned, many  petrol  engines  now  running  on 
tbe  rand  had  attained  absolute  perfection.  In 
these  teetB,  however,  exhaust  gas  analyse* 
were  made,  and  It  was  found  thai,  alttaongh 
many  of  the  cars  burned  the  petrol  given  lo 
them  In  a  most  complete  manner  and  evolved 
s  minimum  of  carbonic  oxide  gaa.  yet  aom* 
ot  them  showed  percentages  of  carbonic  ox- 
ide in  the  exhauRt  greater  than  Z'/i-  It  waa 
resolved  by  the  Koyal  Automobile  Club  lo 
continue  these  experlmenis  laier  In  the  yo«r; 
but.  meantime,  as  a  matter  of  Interest,  I 
thought  It  welt  to  examine  the  exhaust  gaaes 
Of  my  own  c»r— an  18  HP-  "Slddeley  "  ta* 
following  results  were  obtalni^  under  differ- 
ent conditions: 

Parr^atociw  nl  CO  IB 

eilUIIBI  BUM. 

April 33.  Itmtl.  Julra. 
Ba>ln«  Ibrouls  ruU  open  i  car  rlliab- 

iDfbUI S«  >■«  91 

CoclBBihrotUitir**  tbsn  hall  opetti 

HU-ratiDisioa  Imni t-t  4-1  1'4 

Bnslne  ninaloc  witbeot   Iflsd.  cor 

•lABdlDC 0-»  0-*  lO 

From  this  It  will  be  seen  that,  as  at  flrst 
odjustud.  the  carburetler  ot  this  "Slddeley" 
car  was  supplying  an  SSCsaa  ot  petrol  at  the 
higher  loads.  «i>  that  no  free  oxygen  wae  left 
In  the  exhaust.  Consequently,  carbonic  oxide 
appeared  when  running  with  light  load  ot 
n.S^V  and  heavy  load  :i.G'4.  SuccoMlve  lesu 
were  made  aa  given  above.  Undoubtedly,  as 
will  be  seen,  by  altering  the  adjustmeut  ot 
the  auxiliary  air  valve,  the  mrbonlc  oxide  was 
reduced  to  very  nearly  I'r.  U  Is  highly  de- 
sirable that  the  exbanat  gases  of  these  can 
should  contain  a  minimum  ot  carbonic  oxide, 
In  view  of  the  rapid  Inereoae  ot  their  use  In 
large  cities  like  London.  In  the  open  road, 
a  little  carbonic  oxide  rapidly  diluted  by  air 
would  do  no  barm,  but  In  large  cltlea.  whrni 
har«e   traction   U  replaced  olmoot  entirely  by 
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petrol  motor  vehicles,  it  will  be  necessary  to 
look  into  this  carbonic  oxide  question  with 
great  care.  It  is  quite  certain  that  the  prob- 
lem can  be  effectively  solved,  because  in  in- 
vestigating gas-engine  exhaust  I  have  found 
that  a  good  engine  properly  adjusted  will  not 
produce  more  than  0.1%  of  carbonic  oxide 
in  its  exhaust  under  any  circumstances  of  or- 
dinary running.  The  problem  is  one  of  the 
carburetter — a  much  more  difficult  problem 
than  appears  at  first  sight.  There  are  many 
interesting  problems  to  be  solved  with  regard 
to  the  petrol  engine,  but  this  one  of  the  car- 
buretter appears  to  me  at  the  moment  to  be 
the  most  pressing. 

In  this  paper  I  have  not  dealt  with  the 
question  of  thermal  efficiencies  at  all.  The 
thermal  efficiencies  of  all  gas  and  internal- 
combustion  engines  are  very  high  compared 
with  any  other  form  of  heat  motor.  In  re- 
cent tests  by  the  Thermo-Dynamic  Standards 
Committee  of  the  Institution  of  Civil  Engi- 
neers an  ordinary  ''National"  gas-engine — 
the   one    referred   to    in    this   paper — gave   an 


indicated  efficiency  of  SS'a  and  a  brake  effi- 
ciency of  as  nearly  as  possible  ZOV(.  The  effi- 
ciency obtained  from  smaller  petrol  motors 
is  somewhat  less,  but  in  tesU  made  by  Hop- 
kinson  it  rises  as  high  as  24.6%.  This  is  a 
very  high  efficiency  for  small-diameter  cylin- 
der. 

So  far  as  I  understand  the  question,  al- 
though large  increases  in  thermal  efficiency 
are  still  probable,*  efficiencies  are  quite  high 
enough  at  present  for  all  practical  purposes, 
and  the  main  efforts  of  engineers  and  scien- 
tific men  interested  in  the  internal-combus- 
tion motor  should  be  directed  to  the  solution 
of  the  large  gas-engine  problem  in  such  a  way 
as  to  reduce  weight  and  increase  power  of 
the  unit;  to  improve  the  bituminous  fael  pro- 
ducer; to  apply  the  improved  engine  an  J  pro- 
ducer to  marine  purposes,  and  overcome  the 
various  difficulties  there  presented;  in  petrol 
engines  to  design  carburetters  capable  of  pro- 
portioning the  charge  more  accurately  than 
at  present  under  all  conditions  of  running, 
whether  with  light  or  with  heavy  loads. 
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The  Constitution  of  the  Iron-Carbon  Se- 
ries.— The  constitution  and  structure  of  iron 
and  steel  have  been  thoroughly  worked  out, 
and  with  this  subject  will  always  be  asso- 
ciated the  names  of  Sir  \Vm.  Roberts-Austen 
and  J.  E.  Stead,  in  England;  of  F.  Osmond 
and  H.  Le  Chatelier,  in  France;  of  A.  Martens 
and  E.  Heyn,  in  Germany;  and  H.  M.  Howe 
and  A.  Sauveur,  in  this  country,  out  of  a  long 
list  of  workers. 

In  the  solid  state  we  recognize  three  forms 
of  pure  iron  a,  /3  and  -y,  whose  transformation 
points  are  760'  and  900^  C.  The  solubility 
of  carbon  in  7  iron  reaches  a  maximum  of 
about  2%,  whilst  in  a  iron  it  is  nil. 


^rbrough  the  courteHy  of  the  Journal  we  nre  enabled 
to  pre«enl  the  lllustratious  accompanying  the  original 
article. 


To  Roberts-Austen  we  owe  the  first  tem- 
perature-composition curve  for  the  series, 
which  consists  of  the  lines  A  B  D,  a  B  C.  G  O 
S  E.  M  O  and  P  S  K.  In  his  lectures  he  taught 
that  the  alloys  of  iron  and  carbon  consisted 
of  two  constituents  in  freezing,  namely,  graph- 
ite and  a  solid  containing  up  to  2%  of  carbon 
in  solution.  That  at  a  lower  temperature  this 
solid  containing  carbon  in  solution  rearranged 
itself  into  two  constituents,  ferrite  of  pure 
iron  and  cementite  or  iron  carbide,  just  as  the 
series  ice-salt  changes  from  the  liquid  to  the 
solid  state  on  fall  of  temperature. 

The    curve    for    the    iron-carbon    series    was 
corrected  and  brought  up  to  date.     The  point 
A   (Fig.  25)   was  placed  just  below  1.600^   C, 
a   at    1.2^<    carbon   and    1,120'    C,   B   at   4.:]"; 
carbon,  G  at  890°  C,  M  at  770°  C,  S  at  690 
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C.  between  0.8  and  0.9%  carbon.  The  point 
B  at  1.8%  carbon  and  1,000**  C.  formed  the 
Rtmnilt  for  the  curre  denoting  the  separation 
of  cementite,  which  falls  with  increase  in  to- 
tal carbon,  till  at  about  4.25Vc  carbon  it 
>ta  the  line  S  K,  and  ends.  Above  4.25% 
Lfbon   ferrite  separates.      Tbe  two    lines  de- 


the  curve  so  that  certain  principles  of  sola- 
tion  were  brought  out  thereby.  His  modifl- 
cation  consisted  essentially  of  adding  the  lines 
A  a,  a  E  and  E  F.  The  beginning  of  freezing 
is  represented  by  A  B  D  the  liquidus,  whilst 
A  a  B  C  the  solidus  denotes  the  end  of  frees- 
ing    and    below    these    limits    the   alloys   are 


Oarboa   per   •eai 


FIG.    25. 


BotiJig  the  separation  of  cementite  and  fer- 
rite above  2:;  carbon  were  hypothetical.  Just 
below  the  line  a  B  C,  a  parallel  line  was 
drawn  at  about  1,060"  C.  on  the  suggestion  of 
ii.  Ijt  Cha teller  to  denote  the  possible  solid i- 
■cation  of  cementite  eutectic  in  white  iron. 
Starting  with  Roberts- Austen's  data.  Roose- 
for  phsrsical-chemical   reasons  added   to 


solid.  When  a  liquid  alloy  cooled  down  to 
the  temperature  A  B  dendrites  separated  out 
and  contained  a  maximum  of  2^0  carbon  in 
solid  solution.  These  mixed  crystals  were 
called  Martensite.  In  alloys  containing  more 
than  2%  carbon  a  groundmass,  the  Martensite- 
graphite  eutectic,  makes  its  appearance  and 
is  denoted  by  the  horizontal  line  a  B  C.     The 


T2.'.:-:.'::>_I-    l~Zi.^-~- XiL 


^r%gniri»  TTiuh  v.^  .Inii  iiar.  rnm  i  "a  ^^ 
^.ar'ina  "lie  liln^-i  ^niiiiir.'  w  jiL::ftfi  'rritaia 
.«»lrt  tniiir.nriH  r.-nra  2  'i\  ^..5  ',  ar  4  'a  2. 
•hft  i.iO'-^  inii«li:'"  ih  it^.atlniAgi  ^t  "ht*  wiid 
•mmr.on  ^' ^  '■ar'ion  iat.  in  m  .ncr^^suiim:^ 
^••MiwiXmsistH  ir  -*uri»r.r:r.  if  {rnLpa:i:<^  uit  '::i4 
tfiJirt  4niiir:rm  vniiHr  *n#i'-e  2:  ir  K.i''^  'A;"*joa 
»•>    lav'*   ;.*>*•    ^rioi.r**    liiil    "lirt   *urAfr:r»     2e- 

itf%^iii    .irt    :iw-  I  :i   ":  \7  :.:;»    •*    Mi»r»f:ir«». 

▼^^  *;•>  iH^t:n:j(  v  r.i  &  wfnt  "an;?:nmftnr«*  if 
*.  4rr,  )riaKPx  j['."'t.)n:r..  tnil  .tf:i.-t*!i.4ir.-  v.r.i  2**; 
V"  •;i/*»firi  .:i  ;^j»  r.i\n.  7'i«*  .me  i  £  .nilii*aLr*M 
-;ia:  -'.w.  i^iutiiii:  ■i»'  'a."mn  .n  ".irt  io»:«t  »ji  i- 
*:nn  '.*.., ^  v'r;i  ,i»*  i*r» :)*•-.•%:  i.'»  i;i,t  y*  ja'^'* 
*  .'.i;-;u*r  if^o^irH".  .an  ii*  ^/^iinir.^  -.;.  ir  liiciir, 
:;»•••»       .   f.iil   .    ^  :    •;i.'*>r.n.  Mi-  ..:if»  i:    2  aief^rj 

T!i-.H    nft5t.i;<     :irr      ;t      .i»*   .iii«"ii;i.    <M.  -    '.f   -ifi  i.- 
iiir'n.ii      V'-     lii  -r     i.i     i.»'-i.)»     -.•i;iHr'-»"niA:  .oa 

«  .Vi.lH.r.r.n  "jr.i;i:.  .  :i  ,1  .iir-  VorlH.  i:  -;i.M  "u^m- 
j*-:-i'.  i':  -.n.  ■  ■;«.!  v^  .i;i  •-•  ".i.*****  iiiai-**?*  /.i 
■■•n  i..:.»f  i.ii  .IkV""  .'•  -  ..1  i.;  i.;i-,V4  Mi-  '.."^Ai^- 
V»i'-.i;i;  .r.ii  -,r  .f.l.•^••l•.^^:.-  -i.iil  ;^.-i.;)n.:ft  .;l"i1  '.'t- 
niifn:,:.-  M  I'At  '»r.r.-i.'  i:  m.h  '^m.-i^-^'ir-i.'-.  vi.i'.i 
...  Io'if,»**ft  • ;  Mi-  -li;'*:/.r.»iM.  Lni-:  /I  -^.  A.a  ".*l''^ 
■-•ni.;»*ri  .1'-  ^i.-M  i#- i*'v  1  I'l'i  ''^  .  M.-  n:  i- 
ii..:  '  -♦^  'yt/'^r.n  ..\  ir.i.it  ii.'i'.r.n  Vf*i."-iiHi'.^ 
f\ff-"\u.if'.'*  i.iit  V-  la  •  r  ■  .i»*  *»r!l;i.r4.  .r*!l  j!*  V-;- 
niP:n:.:r'    i.r«n;<   Mk    ••i.'"--    iti    -1       Th.rt   -f-n'i.l  i*^ 

'h«>   .•>'jiil  i;t.    \f^.'"rfn:<irrk     v:';i    ■!   iV:     •:ir\r,^i   .:i 

r*ir :".:.>  ^.ul  ■■.;-:Vii-?i  .: '-  v.i.^:;  v-  v.;;  :i.  'j^-.a.".- 
if**       ""M',   ."'.riui;  ir.n     -.f  ';^..-t   -::i  -^i"  "*'.il    ,i*r.i»':-"-: 

■  ■»•:    -(Nvi    .,1    "fj  i..i;;r:  mi     v--    .<noii..;     ,n.."    il-i-i 

''■.''.n.r-Ti- ;:.-  7'-.f  ...■.-  A  :'-  :-:n'';»"-:s  •.:•-  ^'^-z- 
;aa:    «■*!'    '■.:•■,■■!'*.■<    '■'■.*    'l-.v.-irr.-i    '.!"     .\f.i.'-..rTi.-.i":'^ 

.-t r, .  f  1 . ,-.  j;  .i  iw  .J  X- . . J-.  -.  .V.  ^ :'  -'  -  ■  •  Ji  .• '  j«'.  Q  ;  .1.  ^t . :  li i  -:0- 
..;'.r,'.    .fs    -f '.■..<■■: ;;■.•■•      ::>:    ...-.ir    .'i    Ij    ■i'^r.i'./f  rr    'll-^ 

r  ■  '^'••/ 1 i • '-»:    o i"    ■'■  ".".■  <i'i.  -.    '"j r    fj  .1  'rr'i    r^t     *^ r^ - "  ■  i ■  ■^, 

'■if     If.'-     j;."  r..".'l."..;i.-;J.     '".'.•     -  ;*-:i;^i'^     i.-l     .^^.l^';■:■.:JI"::i 

siT.r]  '■••■!.'••:.  .  t-      7'".  i-.    io  "."J  J  :    '':ar-:iin.  '.^►^  ;il- 

f  c,<''\.  i  .vr .» .•" I ■:-.-. •  '  r-i'-:' "*■  -fi r.  I  1  a-i  3  or 
f r M u  i  ■  r,  .1 : .o  .  -.  \  ; '  ■  ', ;■: 'i ''  '^n r. A ..1*  I. [!  . i^nd ri 'tS 
'»r     vf.i  "i:r;^.i'.-     '..,■.•'■*■: n-l'-il     -j  "    -la     ■.:ii'.r'i:jairii 

\trt\f  Wifne-  fi  '■jf  t  ^.  :  fii'^y  ■!oni5i.-=r.  of  l3>- 
/r'^^wsinar   arrioijrir.s   of   cemear.ir.e   places    set    in 


3uuruile«i  -i-i  tiaau.  m  i  i«*mun  jf  "vidiieii 
3iera«  Tnnriiain:^  :"»*':-  -ri/noa  il  =  i  •  ;  ? 
=    I  K-      2=1   \l\  _7    ;niiaisirj    if    i   t-*'^ 

lar*jc  ■jfjjun;?  frLnii  if  JLir'iHiiiirrf  -ht  m  i 
^".nnitmaaa  Tiira  la  i  mutiir-t  k  iiir!£-ec»:ii- 
:n:r  ^Ci^'^enair**  laii  ir.^ac  ;eiiit*!inue  lad  ji  ^e 
^!i-i*rr:r,  F!s.  i  iuu-v4  i  .wr'ian  if  "i»i  iiLnie 
lader  -Til  liuoierTiP^,  TTii-  illti^'^  jiMiumzLj 
in  "..le  r.i^ii'  if  5  i/**  Lliiarrur-Hi  ij.  Jl;r.  j. 
▼nu'.a  .a  i  ^wnnii  ;f  in^Mirsjeiii**!!  ^^rr  iiu'^:? 
'.ni:ieii.  ma^nidtfii  I  i  iiajirf.  1"  :^)iiaiari  of 
ii;ir«»s  zt  ^tim^^ai'-r  i»*r-  i  -ht'iliL**  :f  ir'ra 
lail  3ia3.4a3e<«^     i**""  .a  m»-  -'I'-Hrr.i:    ;il   ilj,.'*:??!!- 

~^':r*i   :f.i."    :f  '-m  i»*ri"i.'-t    3»t.ij  v    i    3    :.    ia;* 
1.'. -.1      '."  .    "Ai*    Ata/--r!iiir  ■^    3»f»":aies    i'l.jtir'ra."-!- 

■llVll  -'  .  ;f  'Il/'HiU  M  ::4::  r-.'.Ml.  7'l-  ^lU-f il-i'..* 
"a»ir»f7r-:      -♦^flU.-l'-lS       ;il'       l.«;UZ        Jirf      .lair      .1      "?. 

vii.tin    i#*ni;»"-s     .w.    ••;iji  :i:s:  ij:ii     c     .w   .lia.-'TZ.- 


wxr-.  -v-.-li  ::a:     ir  --runf"i*i  •'^.   -.'.'..    f 


«■• 


:i'   ".Ih:   ■-t•Il^eL"l■  i.'*T    ?    ."*    V.     J,*    7'rsiiiitT   ■!t:i- 

'".f  --rm'T  ijit  •fmrra"  -r.  :  *  ~;i-  -ri"**-  .:Lii 
■l»ra/ ::':■:-  H-ar--  '-i^r  i;iii.  i;:":iii'"'=  -v...  :if  ■!4- 
.li**a':'.T  ij.'i  ;j»-:i .-■-"-:.  vii..  :i  i.'r  "li^r  .";airi-:i- 
**nr.H  ■:::  JU-h.  1.  -  i.i-i  1  m--  ;»^ii .•;-.-  i.rcear:^^ 
jiii^it.  Miir  "'^ni'T.i'i'r  -\-i.  •  ■'.  -  la^-f.  M»f^e- 
^:r^    •'i.'"^    j:-!1»^:*'i  ■:-:[!."•    :■.     -rai-?i":"-        i       "lie 


■  I 


Mt  ■'•:!i.--r:-  ir?ii-    .r  -n-a  -  :"t^> 


Me    .-:l»^    1   * 

r:"i,';ii-'^     — Tb»r    ;:a-    a.    3    :':.T:f-?<   M'f    je-iiz- 

rr.'..  M»i  .!:!•*  B  O  "j'T  -rTOJii-i".':.!  ■.  ia!i-if  •': 
j-"i/:a.'?.  Tjiisr,  i  3  ■:  .--ii'  v-^  .:-  ^ji;.  ■:.i«:-a"  i-::! 
■if    '.i»t    ir*; ■i.i'im.i.-?:?   •::•    -■."-•":':     j:    3i  i7'"-*iis."'f 

ii:a.:'T*:    M-    '-.^.r::^!,' .' z     .'     :-\:     \\.    ■      :*':ai    ■?■ 


t:-i.^  ;.--:. 


'lijrt^      -^     ■■lit-        •"    'i--      I."-   1"        1     *  JIM.: -^■.- 


'i<:es  -':r  ii.i"-r  1  ■•<m-:.i""  i  ::■  i-'  :;  .i/-:i::i  :a 
:•<:  :«i  ^.K.  :".-.[i  In  :«■;:-:■  -v-.-i-i  -.:  .-.::■  x  ■:a2. 
T:ir"  rroi":  J  -:  ;' •  =:!:•':■::  *  4  .:  ^  :r:'.;;»=?a- 
r:ir'r  fill".-  '.:'r  M.jr'-::^."-:  •  ■;  :  ;  r»?- 
■^.■•r'inJ-^:   .'.i*-..!  .n'o   :'T.*r'"T   j..i   ■*•■:.■  ;■:    :*f- 

ni-rn-^i'T  iii'i  r:i7:ir-.'-.  ■:■  ■  1. .i;*  ."■;  :■;•:.  j..> 
roT'i.r.j  ij  -."::•?  ori*'j': n '  t :;■:  ■;:  :  ?,>«;■■•:  ■.j."""Oa 
wn.T  -rs::  "iii":.  zr-rif.-:"  : .:  i;:  :l'  -■;  :  i"  ;  ^ "  "-. 
?«:• !  i o "V" :  n  j:    "iie    ■  :7v^s    i.r    <J    S     »:  :    :^    .:  "    '*"'? 

foii'.'^'  'r.-z  rL -■•..■:*.-':•.«■  n:  i'.:i ii-i;::  ■"  :■  jl-  ■;  "  *":~'>. 
Ti*ii  Si"  J  ■  -:•:::-::::"":  ::i;"'.«;:i  jl'  .»  .  '  . ::  :ve 
Liav«r  '.ii*i  reiiL'io-  j*  K  '■.'  i-; :■•.':  "■.■.•:::"L":e. 
wfaii.ii.  of  'i^yv:^^.  ;■•  :n«''.'::j*V''r-:?.  'A""^!:  i 
mo ve s  to   »: iie  1*-:  1  ^- .   j »  : '   ■]•;•?*  "m  •. ;i   :::■.■:•; a  >e    i a 


Sriil  1  1 1  KH  ( IH  IROX  AND  STKKI. 


■^ 


^Ut—  KBd  fmni  al)i«T  caii«>*.  tha  phm«»-ru1a 
rtUI  r*4«lrH  Ibkt  tli«Tv  •bould  b«  lb«  r<ttc- 
itas;  ItarttnuUte  (up  to  3'i  C.)  •■  grmpblte  = 
•MaMIf*.  Ib  ordar  ihmt  we  miiy  onlr  h«vo 
(«•  iikMaeiL  In  Runenl  this  would  lend  lo 
UK*  pja(«  wbar»v(ir  itie  rurve  denotlnfE  tb« 
bf  Kr»pbU«  In  Mart(-u*ltL<  cuts  tl)« 
■vMTitUon  of  ■wmeiilltt?. 


no.  0. 

Mnay  obMnrera  find  that  c*in«tiilte  forinfl  la 
sotn«  KT»y  iron  rixbt  from  lb«  KtlldmcaUOR 
iHiInt  I.Uj'  C.  wbldi  would  atma  ifae  r«l»- 
Ing  ol  K  F  till  11  rolnclded  witb  «  B  c. 

Tho  siructurc  ut  ibo  (crlci  li  woll  vhown  la 
^'ii;.  1  iDiagnllled  bv  dlaiu*.).  a  pint*  ot  ml 
Iron  wltb  i,9",  C.  \,H-.  t;t.  and  9.1X%  Hn. 
very  allfcbUy  elrti«d.     Llibl  dandrllM  of  Har- 
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toiiHlto  aiv  K(MMi  Hot  In  a  KroiindtuaKK  which  is 
i\\v  iMiUHtir  of  MartoiiHlto  and  Kniphite.  Fig. 
Ti  (\  :>.'•  (liaiUH. )  HhoWM  thi*  outectlr  ulloy  of 
Martonsiio  and  graphlto.  a  Ktructuro  of  com- 
mon occur  riMuo  In  sniy  pig-iron.  Fig.  G 
Hhow8  the  voarscMt  part  of  tho  samo  speiinion 
under  thi'  higher  maKnltlcatlou  of  120  dlams. 
As  l»cforc.  the  Martcnslte  on  cooling  down  n*- 
iirranj;cd  i(8olf  by  vcpa  rating  out  for  rite  or 
cement  ho.  and  recalewced  at  700  r..  forming 
IH^arUie. 

All  Iwuis  hetwiHMi  white  anil  gray  consist  of 
gi:(in^  eV  Cray  surrounded  by  a  network  of 
white.  \\w  i;ra>  apparently  free 'lug  a  Uttlo 
ahead   o'    the    white. 

SiansthMd  In  a  papiM*  on  the  "Present  Position 
oi  the  Sol  ill  Ion  Theor>  »»f  I'arburl/ed  iron*** 
itMues  to  The  conrluslon  that  graphite  does 
noi  comhine  with  iron  on  slow  cool.ng  to 
1.0.M>  i'  and  that  the  L*' .  of  carbon  which 
the  ttvn  at  first  holds  In  solid  solution  is  re- 
jivted  as  craphue  and  not  as  cement ite.  If  the 
metal  Is  wole  I  su!tlclentl>  slowl>.  Instead  of 
the  hue  a  K  vlenoiin*:  the  further  st^juiration 
O!"  ic»aph\ie  and  cutting  the  cetnentite  line  S  K 
:^i  K.  a  lino  a  5>  Is  drawn  to  the  U^ft  of  and 
IMra^ifl  to  K  S.  so  as  to  cut  i^  O  Thts  new 
liMo  dt'noie>t  the  solnbltiix  of  lira ph it*  in  Mar- 
t»r,sMr  \\t\tch  ts  theivfore  much  le<s  than  that 
oi'  »v;uennio  tu  Maitcn^ite  Th:it  Ktaphite  is 
net  :\v»>««M  \u  vtiH»l.  he  coiulude^.  is  due  paril> 
to  I  N«'  abs*M\*e  et  nuclei  of  \;raphite  oit  whi  h 
fir  r !-!.••  dei*0!«*n^  mii:lii  take  plave.  ]Kiitl>  to 
ihc  ".''ith  oi  nM»»'  ^■^'^^^l?^e.l  lei  t*ie  »e;«ata!ten 
o'   i'.i{*JK:«'    a^ul  panW    lo  the  nushantca!   i»«vs 

bnlk^    fiphiti*    }'.\    XT  v-        I'jie    p*>a*e    luc    de 
ni.*:*.!*    «*m:    im    e^ju'libviuni    ihei**    I'c    I m    m\v^ 
*v:i^:  M  :i»'n:N      iM-o>i\-Mi         iliarhno      lei'.'ik      t"^'" 
p!o-*'     si!.j:'\-      :N»'s*'    l\\i»    \-\vis;  iiMCnts    u*':^!     I*e 
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which  consists  of  ferrite  and  long  threads  of 
slag.  Tho  forrite  occurs  in  the  form  of  polyg- 
onal grains  which  can  be  seen  in  Fig.  8  (x  260 
diams. ) .  a  piece  of  wrought  iron  pipe.  The 
slag  is  seen  to  be  composite,  with  lighter 
grains  set  in  a  darker  groundmass.  When 
wrought  iron  is  strained  beyond  its  elastic 
limit,  slip-lines  are  set  up  as  in  a  pure  me^al. 
Fig.  H  («.  80  diams.)  shows  several  systems  of 
parallel  slip-lines  in  a  piece  of  wrought  iron 
with  an  extremely  coarse  grain.  The  section 
is  |>erpondicuIar  to  the  rolling,  and  the  round 
globules  are  cross-sections  of  slag.  Where  the 
strain  is  extreme,  the  slag  breaks  up  as  is 
shown  in  Fig.  7.  which  is  a  vertical  section 
through  a  test-piece  at  the  point  of  rupture. 
The  slag  has  broken  up  into  fragments  be- 
tween which  the  plastic  ferrite  has  flowed  in. 
The  difference  between  wrought  iron  and 
steel  of  very  low  carbon  is  mainly  the  ab- 
sence of  slag.  Fig.  10  t\  110  diams.)  shows 
some  steel  with  0.0o5',e  carbon  slowly  cooled 
frv>m  1.100'  C:  it  is  compofied  of  irregular 
grains  of  ferrite.  with  a  few  black  dots  of 
pear  It  to  i*ontaining  0.S5";  carbon.  Its  physi- 
cal pn"»i>**rtios  are: 

Ela^iii:      Mas.  Elonga-  Reduc- 
Load.      Load,    tlon  In    tion  of 
— Lbtf.  p«r  «q.  In.-t    8  ins.    Area. 
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Camphor,  gives  an  elastic  limit  of  27,0u0 
lbs  per  si|  tn  and  a  maximum  load  of  4  6,000 
fo!  epe-.i'hearth  sto^l  running  0.04C.  and  0.04 
M::  \:!nea:ing  such  material  for  a  long  time 
a  I  icttv.vvaturt^s  below  750  C.  causes  a  rapid 
ktrvnx;!!  of  >sraiu.  and  the  crystals  become  quite 
vv;iv>e  Kchoating  lo  just  about  900 ""  C.  i.  e., 
i'    ;:i    F".»;     t.   causes  refining. 

V:^  ::v-;case  in  carbou  causes  an  increase  in 


i!^.'  pe.ir!  le    w:ih  an  increase  in  strength  and 

,4     ^?»s -Wise     Ml     di:c:i':t>.      Fig.     11      (\     230 

,i   .v^      >*^v*«s  a  sitv".  wuh  tMO*"?  carbon.      It 

.V  vx  X  X  .♦:   >!-m':   4;7.i:r.#  of  ferrite  with  a  few 

'•   ■.» '\     •     ."^.-v   u"^•,■^    are    pearUte    with    O.S5'r 

'.»■»'         :;■;:■.:   :  ^t   a   long   lime  just   below 

.  .    x^x    >   .^    ;v;ir::!o    to    segregate    and 

■  ■  c   ".•:•«    :>  .i^sorbed   by  the  tur- 

.    ^    «     -     ^\  •-  >r    ri-.i.    cemeniile    Is    left 

•    ^         ^    ■  v  .:s    oi'  '.to  ferrl:e.     A  long 

.    ^    '■•*         ♦'   ■     r:-'      C     also    causes    a 

:    '     ^    4   ■    ^^  ^-.st  htMting  lo  just  be- 

'  >,■>   •■"r.:;ing.      Above  this, 

«-.:>:  the  coarser  the 
\  .'  H  ^.ore  ^u^ning  oivurs. 
^  .    ■      -    %tr:-    rapid   above 
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li    (it   no    diams.)    >haw   soma   ateal 
ilBC  O.tBrt  nrbon.  which  ou^bt  to  b1*« 


no.  13. 

an  olMtlc  Itmll  of  «boul  45 — 50.000  lbs.  v&t 
sg.  Id.,  anil  63.0(10  tnuittnuin  toad  with  21% 
olonKatlon  In  S  Inn.  and  00%  ruductlon  of  ar«a. 
U  ts  Dot  cast  •t««I,  howator,  but  In  a  photo 
from  an  area  In  aome  oo-OBlled  pDddI«d  Iron. 
The  tsDslle  teau  ahowrd  up  abnormallr  and 
tba  mlcroMOotM)  revtialed  ibe  |ir««en<«  of  num- 
aroua  arvai  of  steel.     The  material  )•  ''pllad" 
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i  of  Iron  and  carbon  te  the  cemenUte 
«••  a»4  Uuit  IB  tb«  >bM!Dct!  of  Bllli-oD  sraphKe 
k  tb«  product  of  dvcompoalUon  or  cementlte. 
B«U  Tr«>tiDcat  of  Caal-lron,— In  tbe  man- 
■factvr*  ot  mallBftblo  caailiiK>  frum  wbtte  ca«t 
Iraa.  oa  pataloi  TOO-  C.  tti*  pearllla  chai>K«a 
••wr  Into  Martanalte:  at  a  llttio  aboT«  I.OOO 
C  tte  tcmantlM  breaka  down  Into  fvrrlte  and 


graphite.  Is  sIIIcod  ««»entlai  to  ih«  procvnT 
Moat  people  think  no.  Tlvmann  mada  aome 
alllcon-rree  rasl  Iron  With  total  carbon  4.B, 
graphite  .0255.  Tht»  material  wu  beat«d  to 
ntl  temperaturwa  up  to  tho  mvltlag  point  with- 
out causing  the  cementUo  to  d«oompoa«.  On 
tbe  other  hand.  Wllal.  with  a  white  Iran  9t 
3.8s    carbon    and    not    more    than    O.OOM  81 
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on  heating  for  50  hrs.  at  980*"  C.  in  a  vacuum 
and  slowly  cooling,  produced  a  product  con- 
sisting entirely  of  pearlite,  ferrite  and  temper 
carbon,  the  whole  of  the  cementite  having  de- 
composed. 

An  experiment  was  performed  with  some 
pieces  of  washed  metal  (3.75  C,  0.03  Si) 
which  were  heated  to  about  1,050°  C.  in  an 
oxidizing  atmosphere.  Fig  20  shows  a  sec- 
tion near  the  surface  of  one  of  the  pieces.  In 
the  center  we  have  the  original  white  cast  iron 
showing  no  trace  of  graphite,  whilst  around  it 
lies  an  area  of  cementite  and  pearlite  running 
about  1.5%  carbon,  due  to  decarbonization. 
No  sign  of  any  graphite  was  seen.  One  speci- 
men, however,  did  show  graphite,  seen  in 
Fig.  21.  On  the  right  lies  the  original  white 
cast  iron,  whilst  on  the  left  we  have  material 
corresponding  to  about  1.5%  carbon  steel, 
well  mixed  with  graphite  flakes.  Thus  in  one 
specimen  we  found  the  decomposition  of  ce- 
mentite into  graphite  had  occurred,  whilst  in 
all  the  others  it  failed  to  appear.  This  shows 
that  the  reaction  is  not  constant  under  the 
conditions  used,  and  that  sometimes  graphite 
appears,  in  others  the  cementite  remains  uu- 
decomposed. 

Cementite  in  solution  in  the  Martensite  is 
certainly  stable  at  these  temperatures,  as 
shown  by  Fig.  18.  The  process  of  making 
blister  steel  also  shows  this.  Wrought  iron 
is  heated  to  a  bright  red  or  white  heat  in  con- 
tact with  carbon.  The  iron  is  in  the  7  range 
and  Martensite  is  formed  by  diffusion.  Fig. 
22  (x  60  diams.)  shows  some  half-cemented 
steel  which  is  composed  of  bright  ferrite  and 
darker,  coarse  pearlite.  Fig.  23  (x  260 
diams.)  shows  the  same:  the  pearlite  is  &een 
to  be  extremely  coarsely  laminated,  with  a 
band  or  border  of  cementite  due  to  segrega- 
tion in  slow  cooling.  Fig.  24  (x  260  diams.)- 
shows  some  fully  cemented  bar.  The  black 
streaks  are  the  original  slag  of  the  wrought 
iron.  Slow  cooling  has  produced  a  coar.  e 
pearlite  in  which  are  set  thick  vein^  and 
patches  of  cementite.  Thus  we  can  produce  a 
cement  steel  up  to  2%  +  of  carbon  without 
forming  graphite,  but  reheating  the  same 
would  cause  the  formation  of  graphite  due  to 
the  breaking  down  of  cementite  around 
1,050°  C. 

SUMMARY. 

From  our  present  knowledge  we  must  judge 
the  cementite-Martensite  series  to  be  the  un- 
stable one.  Absence  of  silicon  and  rapid  cool- 
ing   tend    to    cause    white    cast    iron.     When 


high  carbon  steels  are  heated  to  their  melting 
point  and  slowly  cooled,  white  cast  iron  is 
formed.  Pure  cast  irons  with  a  comparatively 
small  amount  (2 — 3%)  of  carbon  tend  to  be 
white. 

Gray  cast  irons  are  the  Martensite-graphite 
series,  which  occur  with  much  silicon  and 
slow  cooling.  The  presence  of  much  carton 
(3%  +)  tends  to  produce  a  gray  iron. 

Graphite  is  formed  due  to  the  decomposi- 
tion of  cementite  by  reheating  to  temperatures 
around  1,000°  C.  In  steel  a  higher  tempera- 
ture (to  melting)  causes  the  solution  of  the 
cementite  or  formation  of  white  cast  iron.  In 
malleable  castings  the  action  is  similar,  ce- 
mentite breaking  down  into  ferrite  and  graph- 
ite. Too  high  a  heat  retards  and  even  pre- 
vents this  reaction. 

Most  cast  irons  are  a  mixture  of  white  and 
gray  or  cementite,  Martensite  and  graphite, 
the  gray  forming  a  mesh  in  a  network  of  white 
cast  iron,  which  forms  at  a  slightly  lower  tem- 
perature. This  structure  is  probably  due  to 
the  presence  of  silicon,  manganese,  phosphorus 
and  sulphur  in  varying  amounts. 

The  simultaneous  occurrence  of  cementite 
and  graphite  in  certain  specimens  of  silicon- 
less  irons  can  not  be  explained  satisfactorily 
except  by  assuming  that  we  are  dealing  with 
two  systems: 

(a)  Ferrite    and    Graphite, 

(b)  Ferrite  and  Cementite, 

which  Benedicks  calls  the  stable  and  the 
meta-stable  systems  respectively.  This  does 
away  with  the  necessity  of  assuming  a  reac- 
tion between  graphite  and  Martensite  to  form 
cementite  in  the  region  of  1,000°  C,  which 
Rooseboom  himself  no  longer  holds. 

[In  the  above  paper  the  name  Martensite 
has,  for  the  sake  of  convenience,  been  used  in 
its  old  meaning,  the  solid  solution  of  carbon 
ill  iron  or  what  is  often  termed  mixel  crys- 
tals. Now,  however,  the  solid  solution  is 
known  as  austenite,  and  Martensite  is  a  transi- 
tion product.  Recently  Sauveur  has  dealt 
with  the  subject  and  from  his  paper  we  learn 
that: 

Austenite  is  a  solid  solution  of  carbon  in  7 
iron, 

Martensite  is  a  solid  solution  of  carbon  in  jS 
iron.  Troostite  is  a  solid  solution  of  carbon  in 
o  iron. 

Pearlite  is  the  iron-carbon  eutectoid,  in 
other  words  a  mechanical  mixture  of  ferrite 
and    cementite.     Thus    austenite,    Martensite, 
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Ut*  and  t>«Atllt«  fonn  k  Mriea,  MarU'ti-  cut«-rtold.  Sorbite  or  tko  uiu*Ki«fftl«d  tom 
I  UdmiU*  t>*lQg  irBOBltlon  prnduru  if-  of  p«arll(o  would  ttior«for«  occur  li«l«e*ii  tha 
lb«    orifflnal    willd    •olution    and    tlie      liller  aod  iroMilie.] 


ELECTROLYTIC  REFINING  OF  TIN. 

By  OTTO  STEINER.  Ph.  D. 

CONDENSED     FROM     "ELECTROCHEMICAL    AND    METALLURGICAL   INDUSTRY  " 


While  most  metals  are  now  being  electroly- 
tlcally  refined  tin  represents  an  exception.  The 
reason  is  that  in  dressing  tin  ores  they  are 
purified  to  such  a  degree  that  the  smelting 
process  yields  directly  very  pure  tin  which 
does  not  need  any  further  refining.  The  small 
quantities  of  impure  tin  which  are  placed  on 
the  market  and  which  have  a  greater  content 
of  foreign  metals  contain  very  small  amounts 
of  precious  metals  (%  to  1%  Ag).  They  are 
used  to  good  advantage  for  the  preparation  of 
alloys. 

The  first  attempt  to  refine  tin  electrolyti- 
cally  on  a  large  scale  was  made  by  the  firm 
of  A.  Strauss  &  Co.,  in  London,  in  the  year 
1905,  in  their  smelting  works,  the  Penpoll 
Tin  Smelting  Co.,  Bootle.  The  process  used 
was  Invented  by  Mr.  Claus  (patented  in  1895) 
and  was  somewhat  modified  by  me.  About  u 
hundred  tons  of  90%  raw  tin  were  refined, 
and  the  product  was  tin  of  99.9%  purity. 

According  to  the  method  of  Claus,  tin  al- 
loys are  electrolyzed  in  a  10%  sodium  sulphide 
solution  at  a  temperature  of  90°  C,  with  a 
current  density  of  %  amp.  per  square  deci- 
meter electrode  surface  at  a  voltage  below 
0.2  volt.  Tin  is  stated  to  be  deposited  on  the 
cathode  in  a  pure  condition,  while  the  for- 
eign metals  (Pb,  Sb,  Cu,  Fe,  Ag,  etc.)  are 
precipitated  as  sulphides  and  form  the  anode 
slimes  mostly  attached  to  the  anode  but  partly 
accumulating  on  the  bottom  of  the  tank. 

THEORETICAL. 

If  a  solution  of  sulphide  of  sodium  is  elec- 
trolyzed between  two  tin  electrodes,  sulphur 
is  set  free  at  the  anode  and  forms  tin  sul- 
phide, which  dissolves  in  the  electrolyte.  The 
sodium  ions  are  discharged  at  the  cathode, 
and  with  a  sufficiently  high  voltage  the  sodium 
would  react  with  the  surrounding  water, 
forming  caustic  soda  and  hydrogen,  according 
to  the  equation  Na,  +  2H,0  =  2NaOH  +  H.. 
This  would  involve  the  evolution  of  hydrogen 
gas;  but  since  the  voltage  is  kept  below  0.2 
volt  no  hydrogen  gas  can  be  set  free,  as  the 
voltage  is  less  than  the  "Haftintenslt&t"  of 
the    hydrogen    ion.      Therefore,    the    sodium 


cannot  react  with  the  water,  but  reacts  with 
the  surrounding  sulphide  of  tin  according  to 
the  equation  2Naa  +  SnS,  =  2Na,S  -h  Sn,  so  that 
tin  is  deposited  on  the  cathode  and  sulphide 
of  sodium  regenerated. 

In  this  way  tin  is  continuously  dissolved 
and  NasS  consumed  at  the  anode  and  tin  is 
deposited,  and  NajS  is  continuously  regener- 
ated at  the  cathode.  Since  the  NajS  formed  at 
the  cathode  does  not  at  once  mix  with  the 
electrolyte,  but  may  be  seen  to  flow  down  the 
cathode  in  streams  (Schieren),  care  must  be 
taken  to  mix  the  electrolyte  thoroughly.  This 
is  the  best  accomplished  by  heating  the  bath 
from  below. 

The  electrolysis  takes  place  without  devel- 
opment of  gas,  if  the  voltag<^  at  the  terminals 
is  kept  below  0.2  volt.  But  as  soon  as  this 
tension  is  exceeded,  even  by  a  small  amount, 
by  increasing  the  current  density  or  by  di- 
minishing the  concentration  of  sodium  sul- 
phide in  the  solution,  it  rises  suddenly  and 
automatically  up  to  0.6  volt,  and  violent  gen- 
eration of  gas  with  decomposition  of  the  elec- 
trolyte takes  place.  At  the  same  time  the 
cathodic  deposit  becomes  dull,  spongy  and 
contains  oxides.  But  it  is  in  practice  of  great 
importance  to  get  dense  coherent  metallic  tin 
on  the  cathode,  since  spongy  tin  cannot  be  di- 
rectly melted  and  cannot  be  treated  without 
losses  in  the  furnace. 

To  obtain  always  compact,  metallic  tin  de- 
posits, I  have  found  that  besides  the  temper- 
ature of  the  electrolyte,  its  thorough  mixing 
and  the  maintenance  of  a  low  voltage,  the 
following   five    conditions   are   of   importance: 

(1)  Only  pure  tin  plates  or  tin-plated  plates 
must  be  used   as  cathodes. 

(2)  No  foreign  metals  like  Fe,  Cu,  Sb, 
etc.,  should  be  pressed  in  the  electrolyte, 
either  suspended  or  dissolved  or  in  form  of  a 
colloid.  These  metals  have  in  alkaline  solu- 
tion a  lower  positive  potential  than  tin,  and 
consequently  they  are  deposited  before  tin  on 
the  cathodic  surface,  which  is  rendered  there- 
by unsuitable  to  receive  a  dense  tin  deposit. 

A  circulation  of  the  solution,  such  as  used 
in   the  electrolytic   refining   of   copper,    is  im- 
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pOMibl*  tot  tin  raBnlDK.     Bvary  Unh  must  b« 

•pvraint    lMd«p«ndcatly.   mud   1h  only    In   «l0c- 

Dbfc  roBBAcUoQ  with  the  (itber  Uuka. 

I      |3|     Bvtaro    RURpvndlnic     new     iId     anodea 

nrtUi   m«UiUk  ■urfftc«s   In  veil.   II  t*  neceMury 

la  dlMat*«  In  tht>  nlnrtrolyie  about    t',i  of  III 

wptchi  of  lulpbur.  (iretombly  In  form  of  Uow- 

*r*   of   ■ulpbur.      The   sulphur   forms  siilphldo 

•t    tb«   anodt-.    and    iilim-   t(    acta  as   a    depola- 

Is    posalblu    to    Ktun    Ibp    elrrlrolyHls 

Wtth   low   Toltase. 

It   Since    ib«    electrodes   nre    arrangel    In 

procfisa    «c««rdlnR    to    the    nitiltlpl«    sys- 

.  and  sine*  llio  Iruslon    10. 1    10  O.IM  volli. 


anodvs    and    oxidlxea    tbr    rmlbodi-n    and    fouls 
Uie  vlectrolyte. 

METHOD    OF    WORKING. 

Tbe  o1<>ctrolyie  Is  preferably  iV.i  NAfi  so- 
lution, obtained  by  dUiolvlng  tba  60%  cora- 
merrtal  Najn  In  tbe  nei-muary  qaantlty  ot 
water,   seitllnx   and.   If   DM-ewary.   filterlni. 

Diirlni!  olectrolyBls  some  of  tbn  aodlum  «ul* 
phlde  Is  always  toat  by  oxidation  of  tbo  *tec> 
tralytp  and  by  formalton  of  aulphoatannata. 
Ii  Is  iherefore  necessary  to  leat  the  soluilon 
from  ilnif  la  lime  and  to  add  aDino  Na^.  For 

Pdcli    1  <"i    ttti'     of    clpftrol'itr    Mil    ]irf>d iictvl    nn 
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PllllTOOHAPHI 
itb*  pUn   \t   bnt   to  *bi 

Id.  tkprctor*.   tbe  reaistance  are  very  small. 

I  la  dUBcalt  to  diatrlbnie  the  elertrlr  ciirre.ii 

r  all  olertrodea  of  a   bath.      11i« 

iklcM   Irrecnlarlly   In   the  rmlstaace  o(   the 

■<a«U  crwtllr  Influences   the  dlatrlbutlon  of 

I  carrwat.  and  therrfuru  the  aniform   work- 

t  til  lb*  alactrodes.     U  Is  nnresEary  10  brlnR 

It  all  caihndea  of  a  bath  to  the 

I    •lactrtcal    potential.      This    can    be    ac- 

I  In  a  Tery  slniple  mann«r  by  uains 

mMttmttty  tarxa  croas-svcilona  for  the  copper 

fur   the    electrode   contacia,    so   that 

'   alcctrical    realaiancc    is    practically    neg- 

It  to  of  inportanco  not  to  Interrupt  tbe 

dorlaiE    •larirolysla.    sinco    otherwise 

itlun  rurr«Bt  K^neratea  gas   at  Ibv 


as  Na^l  Is  sufllclent.  Tbe  amonnt  of  tin  In 
form  of  sulpboBtannate  In  the  sohilton  In- 
creases continuously  durlns  electrolysis,  be- 
cause mure  tin  dissolves  from  tbe  anode  than 
U  deposited  on  tbe  cathode.  At  the  cathode 
ihem  la  therafore  a  vary  allitht  K«t)orat1on  of 
hydroicen  gas.  but  ihla  la  hardly  noticeable. 
The  amuuni  of  tin  In  the  elartrolyla  r«BCh«« 
n  maximum  of  about  2.!%  Sn  after  thrao 
months.  It  doea  not  Increnio  any  more  aflar 
It  has  reached  this  amount,  but  remains  con- 
stant, ir  tbe  solution  cannot  ba  uaed  any 
morfi  the  tin  may  bo  preolpltatad  from  It  br 
means  ot  sulphuric  add  as  tin  sulphide,  and 
la  then  converted  Into  Sn(},  by  roasting  and 
flnalty  reduced  to  metallic  Un. 

Thr   b«atlnx  of   tbe   electrolyte   Is   bast   ar- 
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CARRIAGE  TRACTION  OX  ROADS 


i8i 


with  a  current  of  1,200  amps,  we  obtained 
from  every  bath  during  a  fortnight's  electro- 
]y»in  from  500  kgs.  93';  Peruvian  tin  about 
370  kgs.  i«9.9%  pure  tin.  100  kgs.  anode 
slime,  IC  kgs.  cathode  dross  and  80  kgs. 
droM.  while  9  kgs.  tin  remained  in  the  solu- 
tion as  sulphoHtannate. 

About  SO^r  of  the  tin  remains  in  the  resi- 
due. It  is  therefore  necessary  to  use  for  the 
above  electrolvAis  al>out  1,000  kgs.  9Z^/c  anode 
tin.  from  which  500  kgn.  will  remain  as  red- 
dues  and  will  be  melted  after  flnishei  electro- 
lysis. There  are  also  necessary  about  300 
kgs.  pure  tin  for  the  starting  cathodes,  so  that 
together  1,300  kgs.  tin  must  be  suspended  In 
the  bath  to  produce  370  kgs.  of  pure  tin. 

The  cost  of  the  plant  for  a  yearly  produc- 
tion of  thousand  tons  pure  tin  will  be  about 
£5.000. 

The  expenses  of  the  treatment  for  produc- 
ing 1  ton  (  =  1,000  kgs.)  of  pure  electrolytic 
tin  with  such  a  plant  are  135  shillings. 

There  are  to  be  added  at  least  40  shillings 


for  losses  of  tin  in  the  electrolyte,  treatment 
of  the  by-products  and  treatment  of  the  anode 
slime,  so  that  the  expenses  per  ton  electroly- 
tic tin  will  be  about  175  shillings.  On  the 
other  side  there  is  a  gain  from  winning  the 
silver  and  other  metals  contained  in  1  ton  of 
raw  tin  of  say  115  shillings. 

The  electrolytic  tin  reflning  process  will, 
therefore,  only  pay  if  the  raw  tin  can  be  ob- 
tained at  a  much  lower  price  than  the  market 
price  of  pure  tin. 

The  profit  to  be  expected  is  very  small  and 
a  great  risk  is  run  in  this  process,  since  the 
price  of  tin  is  very  unsteady,  and  because  for 
a  yearly  production  of  1,000  tons  of  tin  a 
stock  of  150  to  200  tons  tin  is  necessary. 

But  the  greatest,  nearly  invincible,  difllculty 
for  this  process  will  be  the  getting  of  the  raw 
material,  as  the  whole  yearly  production  of 
85  to  93%  tin  that  is  put  on  the  market 
amounts  to  only  about  1.000  tons,  and 
smaller  plants  will  work  much  more  unecon- 
omically. 


CARRIAGE  TRACTION  ON  COMMON 

ROADS 


I'HOSl     ■THE     PRACTICAL     E.NGI.VEER.  '    L().\IK>N 


The   tractive   force  of  a   druwn   vehicle  can 

be  determined  from  the  following  formula: 

T^     [a  •  r  f  +  b  O' —  3.2S)1  W    :    K.      .      (1) 

lb  which 

T  —  traction  in  pounds  of  a  two-wheeled  ve- 
hicle— that  is.  drawn  similarly  to  a 
common  cart.  This  value  is  the  sum 
of  two  calculations  for  a  four-wheeled 
carriage  or  wagun. 

W  :  total  gross  weight  in  pounds  upon  the 
two  wheels,  including  the  weight  of  the 
two  wheels  themselves. 

K  radius  of  wheel  in  inches, 

r         radius  of  axle  in  inches. 

r  radius  of  chain  driving  wheel,  in  inches. 
of  a  motor-driven  vehicle, 
r  roefllcient  of  friction  for  a  lubricated 
metal  axle  and  box.  0.1.  For  a  lubri- 
cated combined  wood  and  metal  axle  in 
a  wood  hub.  0.25. 


u  ^  value  of  rolling  constant  for  wheels  with 
iron  tires  upon  an  ordinary  macadam- 
ized road  in  fair  average  condition, 
0.26.  Corresponding;  value  for  wheels 
with  pneumatic  or  rubber  tires,   0.1  •!. 

b  value  of  siM»e;i  constant  for  wheels  of 
spring  vehicley  upon  an  ordinary  mac- 
adamized road  in  fair  average  londl- 
tlon.  0.025.  Corresponding  value  for 
wheels  on  vehicles  without  springs, 
0.0S7. 

v        velocity  of  vehicle  in  feet  per  second. 

The  value  of  the  axle  coefficient  of  friction 
f.  given  above,  may,  in  consequence  of  better 
lubrication,  due  to'tacreased  vibration  at  high 
8|)eed8  of  the  Tehicle,  drop  down  to  0.05  on 
the  journal  proper,  yet,  in  (x)nstH|uence  of  the 
wheel  being  jerked  sideways  against  the  cap 
ill  front,  or  the  flange  Whind.  tho  higher  value 
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THE  ELECTROLYTIC  LIGHTNING  ARRESTER 


R.  P.  JACKSON 


:    Kl.RCTItlC   JOURNAL   ' 


fto  me&t  t«c«Dt  deveTopmcmt  In  devkM  d«' 
■tCMid  to  prolect  ^It^<-t^l^al  nppiiratUB  froDi 
Mvr-ra)UL(«  du«  to  llBhtnlnK  or  othfir  Boiircoa 
of  4Mi>rtMnre  In  Ibe  rlectruls'Iic  or  aluDilnuin 
c*ll  uTViwr. 

It  baa  loac  l>««n  known  (hat  an  electroly- 
tii  rell   Bta4<i   up  of  two  plalea  one  at  which 


quit?  analoBoua  (o  that  ot  the  aafety  vain  aa 
n  Mtoaui  t>otler  In  that  IIKIr  or  no  ciirrvnt, 
eirher  nlieriiatlns  or  conllnuouH,  would  paaa 
«o  long  as  the  electrical  preuuru  waa  kept  ba- 
low  the  rrlilral  *alu9.  If.  however,  ihe  pr«a- 
aure  «xceedeil  thia  value  a  T»r  targe  current 
would    (oilow    which    would   cMue   to   (low   aa 


I*  •tavlnum  aud  ibo  othiir  irufboo  ur  numc 
■■lal  oUivr  than  alumtnum  conibtnrd  with  n 
aalDiUe  elecirotyiv,  pmHwaKes  peculiar  nii8}-m- 
Mrtrlcal  riia  racier  la  Urji.  Ciirri^nt  will  How 
tr«»l7  In  on*  dlrm-tton  through  such  a  cell 
whlJ*  la  (he  oppoalle  d  I  nation  hut  n  verjr 
•Bwll  tumnt  laio  bo  prodm-ed  nnilt  the  ap- 
»ll>4  roHace  nach«B  a  cerlain  value.  After 
wmth  veltAKe  has  b«<n  cxcMtded,  however,  the 
eviTwai  mcruuee  much  more  rapidly  than  ihe 
Imprf  li  R.U.P.  would  Indkate  uccordlns 
lo  Ohn'a  law.  It  waa  known  aloo  that  the 
tmt  of  UUa  peculiar  action  waa  In  a  very  thin 
dlMeetHe  Bin  on  the  aurfare  of  the  aluminum 
flmtm.  It  boUi  plalea  were  made  of  ulumloum 
which    had    an    acilon 


"■".111  .IS  ihv  voiiat;).'  or  olectrlcal  preaaure  t»- 
numvd  118  urlKlnnl   lower  value. 

Hurh  u  characteristic  Is  an  Ideal  one  for 
piotecUQK  olectrir  circultn  axatnat  ovur-volt- 
uKc  and  Ha  attondint  dansera.  The  prevent 
electrobtlc  llnhtnlnK  urrenttT  reprvsenta  a 
cuunierclnl  form  ot  the  above  device  na  adapt- 
ed for  use  on  etrculla  of  from  1,000  to  110,000 
volta.  With  prrsont  known  and  commercial 
eiN-tral)-iee  about  'lOO  volta  reprevents  the 
maximum  which  thn  film  will  sustain,  ao  It  la 
n»t.t!waarr  to  nfe  a  large  number  of  such  cells 
lu  lerlea.  Practically,  on  alttirnatlus-rurrvnt 
drculla.  Il  la  neroasarr  to  oprrale  tbe  cotla  al 
from  3a0  to  ISO  volu  each  to  allow  for  it* 
maximum   of  tho  E.U.P.  wave. 

Thi*  ilmplest  form  In  wbtcli  a  large  numlMr 
n(  pIniM  iMia  be  arraniiwl  la  aeries  nnd  rot 
not  hnve  a  path  through  the  alectrolrt*  from 


the  fii'Bl  to  Uie  lust  plate  Ib  to  assemble  them 
la  tray  form  so  that  one  may  rest  within  an- 
other, Insulated  Trom  each  other,  but  all  con- 
tfllntnE  the  elettrolyte.  Fig,  1  shows  how 
this  Is  accomplished  in  the  electrolytic  llglit- 
nlug  arrester.  A  tray  unit  built  up  la  this 
lorm    will    wUhstaii'J    an    effective    volloge    of 


13,500  volts  with  a  suitable  margin  oC  safety. 
The  whole  Is  enclosed  in  a.  stoneware  Jar  for 
mechanical  supijori  and  protection  and  each 
Jar  la  provided  with  a  suitable  top  so  that 
one  Jar  may  be  placed  upon  another  for  high- 
er  voltages   than   one   unit    will   sustain.      Thti 


electrolyte  being  poured  In  at  the  top  of  the 
Jar  Alls  edch  tray  in  succession  from  the  top 
down  and  the  surplus  runs  out  at  the  bottom. 
Transformer  oil  may  then  be  poured  in  which 
follows  the  electrolyte  and  forms  a  film 
oil  ovei  all  the  exposed  surfaces.  This  coi 
ine  of  oil  prevents  the  solution  from  coming 
ill  contact  with  the  air  and  thus  practically 
obviates  all  evaporation  under  normal  condi- 
lions  of  operation. 

Fig,  2  shows  three  units  arranged  tn  form 
suitable  for  service  on  a  60,0U0-volt  grounded 
neutral  transmission  line.  If  connected  directly 
to  the  line  the  slight  leakage  current  will  cause 
considerable  heat  which  will  evaporate  the 
scluilon  and  fioon  damage  the  plates. 
however,  a  gap  la  placed  In  series  of  such  a 
nature  as  lo  have  some  ability  to  suppress  s 
arc.  such  a  gap  may  be  set  very  ciosi*  to  tl 
breakdown  value  at  the  operating  potential 
111  commercial  apparatus  for  potentials  above 
Ki.iiOO  volts  this  gap  takes  the  Form  of  two 
diverging  horns  siniUar  to  that  commonly 
known  as  the  '■horn  arrester." 

When  thus  arranged  in  series  with  a  suita- 
ble "liorti"  air  gap  the  electrolytic  lightning 
arrester  has  all  of  the  qualities  of  a  safety 
valve  as  applied  to  electric  circuits.  At  the 
ordinary  operating  potential  it  takes  no  ( 
rent  whatever,  but  as  soon  as  any  abnormally 
high  potential  surge  or  wave  appears  it  per- 
nillij.  through  Itu  freedom  of  discharge,  a  sufll- 
clenL  flow  of  energy  to  maintain  the  potential 
of  the  circuit  at  practically  the  value  at  whicli 
the  device  begins  to  take  current,  I.  e.,  to  < 
charge.  As  soon  as  euch  a  wave  has  passed. 
however,  the  arrester  at  once  ceases  to  take 
current.  Moreover,  such  a  very  small  power 
current  is  taken  during  discharge  that  the 
other  parts  of  the  circuit  are  not  disturbed  in 
any  way  as  In  the  case  with  arresters  which 
at  the  time  of  discharge  lake  a  large  power 

From  the  present  data  it  would  seem  that 
some  form  of  the  electrolytic  lightning  ar- 
rester represents  about  the  llmlL  of  eSectlve- 
iicES  attainable  in  such  devices  ho  long  as 
pendence  Is  placed  on  a  single  set  of  appa- 
ralus  to  the  station  to  protect  against  all  dls- 
liirbances. 


THE   FUNDAMENTAL    PRINCIPLES    OF 
ARTIFICIAL   ILLUMINATION 


CO.VDBN8BD    FROH    ' 


«Bt  vUli  tb«  fundamoiitBl  Idea  at  koo4  llKbt- 
tmg.  trprtb  Humiuarliliis.  which  nr«  entirely 
coaaprnboBBlblo  txi  the  average  eoKioctfr.  IF 
tk«*»  r«l««  wor<  more  widsly  rwognlzed.  and 
Bor*  rtcXIIr  adbarod  to.  the  K«afral  adraDie 
«(  Um  art  ol  UluinlnalloD  and  the  decrease 
at  *)r«  tranblea.  iraceatile  to  puur  lllumlnn- 
lloa.    woiUd   be   acc<>I»ra(»d. 

IllamlnaUun  may  b»  divided  Kenerally  into 
tvn  rliMTT.  vblcb  ««  may  term  the  uMtui 
mad  tba  decorative.  Aa  extreme  caees  wq 
BV  DUne  the  llcbtlnit  ef  a  drufifoK  room 
urf  sti««t  decoratloD.  It  ts  not  usually 
poHlkla  ta  entirely  Mparatc  the  two  ctaaaes 
•o  Htaiptetely.  Many  cases  where  the  lllu- 
■lakttOB  la  primarily  usetul,  must  have  a  cer- 
tatH  MBall  amount  ul  allentlon  paid  to  dec- 
evaltra  •ITeirta.  It  la  odea  desired,  for  in- 
•UBCC.  lo  M  llRht  a  parlor  or  dlaloe  room 
tttst  «  required  amuuni  of  lllumlnBtlon  shnll 
to  pliMd  mien  nwdMl  and  yet  witli  urtls- 
Uc  pleaalng  or  even  BtrlklnK  effects. 

Cotor. — Tbe  color  value  ol  the  llsbt 
cIt«>  off  by  the  eourte  to  be  uaed  ihoiild  ap- 
Vroacti  tbai  ol  sunilght.  A  strict  adherence 
tm  %hl»  ta  dlfficnll,  eapedally  with  ihe  older 
Ughta.  Umi«kIi  the  trouble  on  aucb  an  account 
hM  ooaataBIIr  docTea»ed,  However,  less 
tt««kle  reealti  from  poor  color  values  ihan 
trmm  otber  and  less  eicuaable  dofecU.  The 
er*  HMM  to  lie  Icaal  tailsued  by  an  excew  ol 
relloar  aid  green.  Tills  U  noticed  In  coni- 
PmU(  tile  nae  of  dull  Incandeecent  niamcnt 
la^^  and  mercury  vapor  arcs  In  shops. 

For  bona*  llKbilne.  when  a  soft  decorsilre 
tl^t  la  eapedally  Hi<i«h(.  the  yellows  and 
nrmMfm  may  be  cauaed  lo  predominate,  by 
MlaC   colored    ahadaa   or    aa      Ingenuity    iug- 


I  of  Ufht.— The  eye  la  accustomed 
to  Hckt  comlBS  B|wn  closely  viewed  objeita 
iblHaaty  from  abo*v.  By  such  au  arrange- 
■■■I.  dtroct  Usbl  cannot  nlrlke  the  retina  ol 
tke  Kjm  aad  dlractly  reflected  light  le  least 
■ft  to  do  ao.  If  direct  or  dlrrctly  reflected 
mn.  frmv  a  aoarre  ot  even  moderate  Intrtn- 
iM  brilUaacT*  ^  enter  Ihe  eye,  at  lean  a  tern- 
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porary  paralysis  of  the  retina  and  optic  osa- 
ters  will  resulL  For  this  reason,  lllumlnaata 
uiuBt  nut  be  In  the  ordinary  Selda  of  vtalon, 
or  It  such  au  arrangement  be  Impoaslble  tbey 
tiJuat  be  screened  and  shaded  in  the  best  war 
iliat  presents   Itself. 

Direct  reflection  Into  Ihe  eyes  from  dead 
light  colored  surfaces,  as  well  as  from  brlgbt 
pollahed  ones,  should  be  prevented.  Many 
«tyo  (roubles  are  caused  by  direct  reflection 
from  papers  In  the  ofllee  and  home.  The 
special  or  additional  llghia  for  reading,  writ- 
ing or  BiiuUar  work  need  to  be  tar  enough  hack 
ot  the  worker  so  that  the  directly  reflected 
rays  do  not  oome  towards  the  eye.  The  old 
familiar  rule  of  having  light  for  such  pur- 
poses  come   obllduely   over   ihe   left   shoulder 

DllTuslon. — Considerable  dl (fusion  must  be 
secured.  Thia  necesHlly  is  obvious  when  one 
considers  the  painfully  sharp  coutraita  ot 
brlghl  Burfaces  and  deep  ahadows  In  tbe  now 
obsolete  systems  ot  Interior  Iljchtlnx  wltb 
open  arcs.  It  will  be  remembered  that  the 
replacement  of  the  open  arcs  by  the  enclo»-d 
type,  having  a  greater  degree  of  diffusion,  al- 
ways brought  some  relief.  The  replacement 
of  the  Inller.  In  turn,  by  dlRual on-reflected 
arc  and  by  vacuum  tube  lights,  has  been  fur* 
Uier  heneScial. 

On  the  otber  hand,  complete  dlSualon  and 
the  elimination  of  shadows  must  not  bo  ac- 
rompllahcd.  Wltli  such  a  condllloa  attained, 
Ihe  usual  effects  of  light  and  shade  are  d«> 
stroyed  and  Ihe  eye  overworked  lo  dlstln- 
euibh  form  and  dimension. 

Shades  and  GlobM. — It  Is  a  fairly  well- 
eslabllshed  principle  thai  light  from  a  bright 
Image  should  not  fall  directly  upon  the  retina 
ot  the  eye.  This  rules  out  bare  incandescent 
niaments,  glowers,  or  mantles.  With  Incan- 
descent niament  lamps  the  shades  should  be 
BO  deep  that  the  lamp  Is  well  Inclosed.  Ttao 
proper  use  of  shades  Is  hygienic,  and  It  al- 
ways enhances  the  artist Ic  eSecte. 

The  function  of  a  shade  or  globe  ahonld 
be  Iwo-fold:  almple  diffusion,  and  a  redlatrl- 
builon     ot   rays   In      more     useful  dlrecttoaa. 
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Common  crystal  and  cut  glass  are  usuall;  to 
be  avoided,  as  they  do  not  eliminate  bright 
spots  and  often  their  prisms  deflect  the  light 
in  useless  directions. 

One  of  the  most  useful  as  well  as  highly 
artistic  shades  that  can  be  employed  is  the 
"holophane"  type.  The  advantage  In  the  use 
of  "holophane"  globes  lies  In  their  scientific 
and  calculated  construction.  The  diffusion 
and  redistribution  of  light,  left  to  chance  In 
the  cheaper  forms  of  allowable  shades,  is  here 
designed.  The  Interior  of  the  globes  or 
shades  Is  made  up  of  a  series  of  symmetrical 
longitudinal  prisms  which  diffuse  as  shown  In 
Fig.  1.  The  exterior  consists  of  a  terles  of 
lateral  prisms  of  the  general  nature  indicated 
In  Fig.  2.  No  two  of  these  prisms  are  quite 
allfce.  Their  function  Is  to  redistribute  the 
light.      The    entire    surface    of    the    globe    or 


FIO.   1.      INTEkRNAL  DIF-  FIG.      2.        RBDISTRIBU- 

FUSION       PRISMS       OF  TION  PRISMS  OF  HOLO- 

HOLOFHANE  OI^SS-  PHANE   GLASS  WARE. 

WARE. 

shade  Is  an  even-toned  source  of  light,  due 
to  the  effects  of  both  kinds  of  prisms.  There 
is  another  advantage  quite  as  great:  the 
small  absorption  of  light  by  these  globes, 
shades  and  reflectors  and  the  relatively  higher 
efficiency  of  effective  illumination  over  that 
resulting  from  use  of  common  opal  glassware. 

The  accompanying  table  will  give  a  basis 
for  the  reduction  of  effective  candle  power 
for  lights  behind  glass.  It  does  not  show 
redistributing  effect,  nor  the  reflection  In 
certain  directions  when  the  lamp  Is  not  fully 
enclosed. 

Thickness  of  glass  may,  In  Individual  cases, 
vary  these  figures  which  are  averages  of  many 
tests  on  globes  from  various  sources. 

ABSORPTION   OF    LIGHT    BY    GLASS. 

Pct  e«Dl. 
Clear   ,^-10 

Oround   i'^^ 

SaDdbUBted   1«^ 

Opal  2*00 

The  average  of  numerous  teats  on  holo- 
Vhane     globes,     fully    enclosing    a    lamp.    In- 


dicates an  absorption  of  about  12  per  cent  of 
the  total  light.  The  best  any  cheaper  sat- 
isfactory globe  can  show  Is  about  20  per 
cent,  with  sandblasted  ware. 

The  Amount  of  Light. — For  briltlaot  In- 
terior lighting  or  bright  house  effects,  an  il- 
lumination of  %  candle-foot  may  be  arrang- 
ed. For  more  moderate  and  economical  uses, 
such  as  we  would  ordinarily  expect  in  the 
home.  14  or  V,  of  a  candle-foot  will  furnish 
a  satisfactory  general  Illumination,  which, 
however,  will  not  be  strong  enough  for  read- 
ing or  for  similar  employment.  It  must  be 
strengthened  to  a  value  of  from  1  to  even  4 
candle-feet,  depending  on  the  nature  of  the 
occupation.  Such  a  reinforcement  may  be  a 
local  one,   by   a  well-shaded   drop  or    reading 

In  special  cases,  the  general  illumination  of 
^  candle-foot  Is  to  he  Increased.  In  a  ball- 
room for  unusually  brilliant  effects,  this  fig- 
ure may  easily  be  1  candle-foot.  Drafting 
rooms  have  been  designed  for  8  to  14  candle- 
feet,  and  a  minimum  of  5  seems  necessary 
for  such  close  work. 

An  arbitrary  unit  of  Illumination  has  been 
used  for  several  years,  known  as  the  "candle- 
foot."  It  is  derived  from  the  unit  of  Inten- 
sity and  unit  of  length.  Thus,  one  candle- 
foot  indicates  the  IllumlDation  that  would  re- 
sult from  a  source  of  1  c.  p.  at  1  ft.  dis- 
tance. For  any  intensity  of  source,  the  Illumi- 
nation at  1  ft.  distance  Is,  of  course,  numeri- 
cally the  same  number  of  candle-feet  as  the 
candle  power  of  the  source. 

For  a  distance  of  more  than  1  ft.  the  Il- 
lumination varies  inversely  as  the  square  of 
the  distance.  It  we  double  the  distance  we 
quarter  the  illumination.  This  law  is  exactly 
true  only  In  the  case  of  light  radiating  from 
a  point  into  space  without  reflection  and  re- 
fraction. It  would  apply  within  a  small  limit 
of  error  to  a  room  with  dead  black  walls, 
lighted  with  a  single  candle.  In  a  room  with 
light  colored  walls  and  a  distributed  arrange- 
ment of  lamps  we  must  consider  the  effects 
of  such.  In  the  tatter  case  the  law  of  Inverse 
squares  forma  a  basis  on  which  to  work,  but 
it  Is  not  to  be  considered  at  all  exact.  The 
law,  as  above  stated,  applies  to  surfaces  nor- 
mal to  the  direction  of  the  rays  of  light.  Ex- 
a  formula   this  would   be: 


Norn 


1   mum.    =   - 


The  case  Is  illustrated  by  the  surface   "N." 
Fig.    3.      For  horizontal  Illumination,  as  that 
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ea    ■    mrfacft 


(ris.    4),    this    formula 


lUni.  Iltuni    =  - 


c.  p. 


1  tlM  uifitt  "A"  la  tb«t  ODO  Indiided  be- 
I  m  r«rtlral  kod  ■  Kralsbt  line  from  tbe 
•  to  Uio  place  wh«re  value  ot  Ihe  taorl- 
>1   lllamlnalton   la  i]eitrc>d. 


where  C,  W,.  W.,  ate  aro  tbe  coeffl<MeDU  ot 
diffused  raaecilon  for  tbe  ceUInK  and  four 
walta.  ThUi  coefllcleal  repreeenU  the  effect 
each  surface  would  bave  In  IncreaalDK  the 
effective  candle-feet,  due  to  the  &r*t  refleo- 
Uon. 

This  method  Is  shown  by  Ftft.  i,  for  the  ef* 
feci  of  the  celling  and  two  walla.  The  ef- 
fect of  the  other  two  walla  would  be  nbown 
oD  a  plan  of  tbe  room.  The  distance)  D«, 
D„  D,.  D,.  and  0„  are  ihe  total  dlatanca 
aloni;  the  path  ot  the  reflected  rar  to  the 
light  aource.  When  llichl*  are  well  groupad 
they  may  be  considered  as  a  slssle  aource 
without  Increasing  the  error  of  tbe  &nal  re- 
suits. 


It  Is  aometlmea   more  convenient,   knowing 

tbe  helcbl    (b)    of   the   lamp   above   the   horl- 

aoaUU  plane  of  tbe  given  surface,  to  measure 

ot  clae«ly  estimate  tbu  angle  "A"  than  to  find 

"U."  Ity  a  simple  trigonometrical 

>  tbe  formula  becomes  now: 

c   p. 

BarU-  lllnin.  =  cm'  A. 

iB  Intarlor  light  lug  design  there  are  three 
factor*  whh-h  enlor  tho  calculations.  Theae 
ar«  tbe  Inteniliy  of  tbe  source,  the  distance 
to  tb*  lighted  lurtacFs  and  the  dllfuBion  and 
lallsiiliiii  effect.  We  have  shown  tbe  law 
gBverslBg  the  first  two.  The  last  depends 
ea  tbe  nature  of  tbe  flnlsh  and  fittings  ot  thu 
roan.  It  tbe  woodwork  bo  dark  and  the  wall 
Bvlsb  aafl  and  ot  the  darker  tones.  Uien  the 
aAaellTe  Ilium Innifon,  on.  say,  a  printed  paice. 
la  ckMHly  that  number  of  cBnd|e-to«t  received 
Iran  mmtb  source,  as  computed  by  the  law 
tad  fonnnla  slntrd  above.  The  effect  of 
globes  and  ahades  would,  of  coiirso.  modify 
tbe  TMad  candle  power,  as  shown  In  the  para- 
gnj/bm  an   tboae  fltllogs. 

It  lb*  celling  and  the  walls  are  not  of  Ihe 
tefkar  toasa  and  softer  dnlshes.  then  their 
I  and  dlSnslOB  effect  on  the  lighted 
I  maj  be  stated  very  approximately  ai: 


(I  C         Wi        W,        W.        W.  X 


na 

SIMPI.E       KEFI.ECTION       FROM 
CKtLlN'O. 

The  accompanying  table  will  show  the  mas- 
Imura  rodectlon  effects  we  may  expect  from 
wall  papers.  Other  wall  nnlehos  tn  general 
will  Increase  or  diminish  the  value  of  Ihe  r»- 
Qectlon  constant  aa  they  have  relatively  a 
harder  or  softer  aurfare  tbau  paper.  These 
results  are  not  directly  tbe  resultti  of  leata, 
but  are  adaptallona  from  various  sources,  asd 
are   only    approximate: 

RKPI.KCTIO.N  or  UUtlT  rROM  WALL  rjtPgRS. 

■taasdUM, 
ffpTT.  Per«1..cr. 

Sod  vkiu aa 

Cbron*  r*llow   M 

onna* aa 

Dull  yallo* SO 

r-ink   M 

DIuf,    Domul   brttbt-.t 3B 

XoFBial    srv«D    )6 

U«lit   brown    U 

Dark  brawn   U 

VsrBllllOB     tS 

anm  bin*  a 

Doll    bill*    It 

DllnnHUlD«  bin*  S 

In  considering  rellactlon  by  this  metboi^ 
I  Fig.  1).  the  candle  power  of  the  aourc«  along 
Ihe  direction  D.  may  be  dacraaaed  by  tha 
globe-absorption,  and  that  along  D,.   D|.  etc. 
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may  im  inrreased  riy  rhe  rF»ile<!naa  <ii*  thB 
globp.  if  lay.  Bath  •'heae  are  iieac  obtained 
from  ;i  mean  pnoromeirlc  'mr%'<»  Car  die  par- 
riciilar  arranqemenc  of  lamp  and  .-:tiade.  3iirii 
•^urvAs  are  <iaiiall3'  ohtalnahie  f-'om  'he  besc 
iamp  ,ind  :4hade  makeni. 

In  many  inarailationii  it  ia  act  worrli  while 
fx>  i)ay  oo  mucn  at  rent  ion  rxi  riie  atrerapte:! 
approximaiion  of  retlecition  •*ffe<Tii.  WItii  *iie 
Miiiiai-yizfsfi  rnomu  :n  :ar^ft  res:i:ienr»^.  iiavtujj 
rhrmi^hotit  'he  most  r'avoranie  •nnditioiia  -or 
reflertlon  and  lifrii&ion,  ^iih  a  minimum  aii- 
sorption,  'he  mereaBe  of  illummuiion  on  a 
2plv^n  ^iirfacft  mav  :ie  plared  aa  .liijn  a^i  :">«»  per 
i*ent.  .4iuh  -ondit;on8  inrliide  an  inbroken  or 
unpanf-ik-d  •  ftilini?  of  aiabai^cer  rlniaii.  aot  more 
than  JO  rt.  from  ^he  floor-  -rails  of  a  very 
llfifht  :lnt  and  a  moderat^-iy  ^oft  dnish:  wood- 
work of  .vor"  or  '^nionial  ^vhite:  openin;^^  and 
plmirpa  :iof  iiavmif  i  !ar^  perfftnia;;^  of   -vail 


aroa:  'iraperiea.  Itghr  In  (laiar  and  D^xmrw: 
furaitnrft  ^mple.  Iishr-:aiar«5d,  and  die  room 
nor.  orernrawrted    with   -^ven    Muih. 

These  <rflnditlana  are  not  reaizhed  in  most 
arraairementij-  xVLth  •.•eilinijs.  waila.  t^irm- 
Dir*^  and  li-apened  of  "he  prevalent:  Tpea.  but 
at  '-he  liishfer  raiors  Thronj^aiic.  we  f^annoc 
experx  mar«i  -han  a  3«»  per  oenc  -oral  Ln«:r**ase 
of  rhe  'ilT'H'Z  illiiminaaon  tmm.  "ue  li^Iii 
aonrnea.  This  value  of  i<»  per  'eac.  wo  aid 
fail  aeariy  "o  ^ep'j  with  lark  juriap  wxlla. 
dark  wood  Iniahea.  a  panelled,  jomoer  •^eiliiig 
and  ^amiture  of  rhe  'lurk  miaaion  Tfrrles. 
Where  '!aicTi:at:una  of  r^iieiitian  are  nxjc  *o  l:e 
ander'aken,  :t  miiac  le  Left  ^m  individual  :  idz- 
menc  .la  "ij  wriau  raiue  ':o  aa&iiin  these  heLp- 
fui  •iff^*^;^s  "jeTw-^n  ^he  i.^ammon  1<»  per  *:^rz. 
and  zarn.  or  vrieni  'he  i'l  per  <!enc,  mar  t>e 
exceeded,  ail  lependin;;  on  rhe  promise  ace  «:f 
coior.    riniiia   and    funiiahinj^    as    oiitlineii. 


HELD    OBSERVATIONS  OF  ORE  DEPOSITS 

By  S.  F.  EMMONS 


.-'linM    THE       MINING    XSD    SCIENTIF!*.*    ?R£SSr 


Tiu:  ilrsr  raak  of  a  :?eolo^i3t  in  examining 
a  mininfiT  district  .s  o  obtain  as  <:iear  and  ac- 
en  rat  o  an  id#*a  is  possible  of  itH  .stnicture  and 
^eolocrirai  hisforr.  If  :i  is  impratti«-.abie  to 
make  an  '^xhanaUve  .^nidy.  he  .should  at  least 
endeavor  'o  rrace  -he  important  dynamic 
evf^ntrf  rhat  iiave  -irouijht  about  rhe  existing 
Atnirturo.  it  mav  oe  assumed  'hat.  with  rare 
exceptifina,  ore  deposits  are  -he  result  of  «:on- 
rf^Tit rations,  often  many  Mmes  rei>eatefl.  by 
waters  rlrnijatlnfif  within  ^he  roikd,  of  ma- 
t^rlaiH  prevtouslv  disseminated  in  a  less  con- 
centrated form  oisewhere.  .^urh  rirr-uiating 
waters  always  rend  roward  channels  which  ad- 
mit of  more  ready  oirmlation,  what  Van  Hise 
call«  -rriink  r-hanneis."  and  these  channels 
have  in  most  ca-sen  been  produced  by  dynamic 
utrwwes:  it  i«  evident  that  their  ^tudy  presup- 
poses a   knowleisre   of  the   orographic   history 

of  the  rei?ion. 

Furthermore,  as  a  £?eneral  rule,  the  various 
OTOcesses  attendant  upon  ore  deposition  tend 
tn  obliterate  structural  and  textural  features 
.,<   1U0   ro<.k8   and    often   one   can   only   study 


these  features  sacibtactonly  at  some  Little  dis- 
tance from  the  actuai  ore  deposits. 

The  phenumeaa  ro  le  observed  tail  naturally 
into  three  ciaasies,  thoujch  their  observatloa 
may  be  simuitaneous:  •!■  Mechanical:  i'l\ 
mineralogicai  and  chemical:  <  !«  econumic  or 
commercial  coaditlons. 

The  hrst  have  to  do  with  the  water-chan- 
nels, hence  with  the  form  and  probable  extent 
of  the  ore  bodies.  The  second,  with  their  min- 
eralogicai  composition  and  the  nature  of  the 
chemical  proces«ies  which  resulted  in  their  de- 
position: the  rhird,  with  the  extraction  of  the 
ores  and  -heir  subsequent  reduction  to  the 
metallic  condition. 

MECHANICAL   PHENOMENA. 

1.  Vein-assure  Fracturing. — The  most  evi- 
dent result  of  mechanical  stresses  on  rock- 
masses  is  the  formation  of  fractures  or  fis- 
sures, which  when  mineralized  may  form 
veins.  Th*rse  ttssures  are  in  general,  strictly 
speaking,  fault-fissures,  though  the  displace- 
ment is  often  so  slight  as  to  be  imperceptible. 


OKiC  Dg 

■  ik«  (Mker  bODd,  larita  slruclural  faulu  nrv 

I  oftMi  found  to  tM  mlDermltaca  aunclently 

|i  form  or*  bodies.     Soiii«  writers  on  ore  de- 

rak  nf  ?«lD-flMuroii  ait  Hoiueiliueit  rc- 

tlBS  frnm  raolrarllon,  but  I  have  yel  to 
I  of  a  ««11  aiitltentUated  InstBUte.  I  r»- 
■u4  a  c*ru)n  amount  or  movement  as  noces- 
^U7  to  bmk  ih«  cob«Bion  between  the  re- 
■p«cU««  «aiu  of  a  lolnt  or  flixuro  Biilllclontly 
ta  naako  a  wator-cbanoel.  Tbla  I  bold  to  bo 
ira»  aba  of  eruptive  codUlUi.  Ohsrrviiilonit 
baartns  oo  Ihmw  polnia  are  uHeful.  It  Is  (u 
_%■  nalod  Hut  a  coDlracUon-asaure  i^oiild  not 
I  tron  OD*  rock  Into  anotb«r. 
[^t.  Olnctlon  ol  ris*or«-planeB.^Th«  dtret^- 
I  of  Baanro-plaiiM,  both  In  dip  and  alrlk«. 
tk«lr  r«1ailon  to  the  Kenernl  lolnt  or 
IhpiiMiaiilaiiia  ol  th*  rogion  should  be  deter- 
alac4;  bat  It  should  b«  borae  In  tulnd  tbat  In 
ftBt«r«  flaaurH  ar«  not  mathemallcHl  pianos 
tM)t  more  or  leaa  warp«d  Burfaces.  Tlin  aver- 
se* dlr«cUon  of  a  tclvi-n  nystem  miisi  b^  dnier* 
Blaad  frtim  a«  larstt  a  number  ot  obsvrvutlona 
aa  poaaibl*;  a  tew,  howerer  nct^nrately  deler- 
Blaffd,  irlll  not  necessarily  give  tbe  true  dlrec- 
Ooa. 

S.  Pvrlods  of  tlaau  ring.— Find  out  whether 
ttora  kaa  boon  more  tban  one  period  ot  flsaur- 
Iks;  wkoibor  one  ael  of  veins  troasea  and 
tkra«a  uiotber.  tUre  caution  Is  necessary. 
for  tb«ro  nay  be  an  apparent  throw  produced 
kf  eoBtamporanvons  fracturtn;:.  A  vein  may 
•sd  asalnat  another  and  l>e  apparently  coti- 
tlaard  on  the  other  side  at  n  given  offset,  but 
ir  lb*  Uttor  baa  faulted  the  former  there 
AoaM  b*  lat»mal  evidence  of  movemeDt  In 
Ifca  vain  naterlal,  and  other  veins  of  tbe  sam« 
WUa  Annld  be  faulted  In  llk«  manner  and 
aaoaat.  The  burden  of  proof  !■  on  the  tauli- 
IBC-  It  Uio  oTldeoce  ta  mucluslve.  tbe  second 
Hilod  of  faolUnK  should  be  c-orrelnted  with 
BOBa  kaawB  ilrnamfr  movement  of  tho  resloa. 

4.  Pa«t-fnlner*1  or  Secondary  PlEsures. — It 
tm  teportani  to  look  for  evidence  ot  recent  or 
paat-mtoaral  faoltlnK  that  may  be  connected 
«hk  Mcoodary  enrichment  of  the  depoalts; 
wkoiw.  aa  Is  often  the  r*se.  this  Is  parallel,  or 
M«rlT  ao,  to  the  plane  of  the  vein.  It  la  some- 
til—  dtaenll  to  delect.  It  may  show  merely 
«■  a  rtay  aolrace:  It  may  be  a  dlsdnrt  breccia 
■nM  (SfryliiK  fraicnenta  of  ore.  ituartt.  and 
enrnmrr  rork.  The  criteria  nm  itroand-up 
fncaaant*  of  ore.  and  inuUlure  that  evldenily 
luw  from  tbe  surfacv;  unleas  one  ot  thnoe 
la  pnisat  noe  can  not  be  lure  of  Km  secondary 
B«t«re.  If  Iba  muniri-  rork  li  tnldspnihic. 
iMtM*    t»   efien    kaolin -mud    In    the   secondary 


a.  Cbaracter  ot  Flsauro. — In  rogard  lo  tbo 
character  ot  the  Sasure:  It  may  be  a  ainilu 
strong  llsanre,  or  a  coroblnatloD  of  paralUl 
fractures,  which  may  be  BulDclently  numorous 
tn  constttiite  a  shear-tone.  In  the  caao  of  Out 
ulngle  HKSuro  tlie  vein  inalorlal  is  more  likely 
to  bo  the  flUlng  ot  an  opvn  spaco  and  to  In.- 
enclosed  within  well  deOned  walls.  Even  In 
this  case,  however,  tlicro  arc  likely  to  be  fraq- 
luents  or  sheets  of  country  rock  that  (III  B 
considerable  portion  of  the  space  between  the 
walla,  and  one  must  observe  closely  whether 
the  vein  material  Is  not  In  part  the  replace- 
ment by  quarts  or  metallic  minerals  of  some 
ot  tills  drageed-ln  nmlerlnl.  Cross-cuia  lo 
either  wall  should  also  lie  observed  to  soo 
whether  the  supposed  wall  Is  actually  the  lat- 
eral limit  ot  mineralization,  or  If  tbero  aro 
not  mineral -bearing  llaseures  behind  It. 

6.  Fissure  Zonea. — In  the  Assured  tones  tbe 
ore  la  more  likely  to  be  a  replacement  of  tbe 
rountry-rock  by  mineral  solutions  eating  out- 
ward  from  the  crack  or  Osaure,  in  which  case 
the  WBlla  which  define  the  lateral  limits  may 
be  wanting.  When  tbe  ore  follows  for  a  cor- 
tain  d  lata  nee  one  flsaure,  then  pasies  by  a 
crosa-flasure  to  another  nearly  parallel,  but 
Ml  off  a  little  to  one  sldi.*.  and  so  on.  It  con- 
Btltutes  a  "linked  vein." 

7.  InOuence  ot  Country-rock. — -The  counify- 
ruck  has  some  induence  on  the  character  ot 
the  veln-flsBiires.  Where  It  ta  a  homogeneous 
mass  the  vein  syslema  are  likely  to  1>o  regular; 
but  In  luiBslnit  from  one  rork  to  another  the 
character  of  a  given  fissure  may  change.  The 
character  of  such  changes  should  be  noted.  In 
passing  tram  a  rigid  rock  to  a  plastic  one  n 
wide  vein  may  pinch  to  a  mere  crack. 

S.  Indistinct  Fissures  and  Hinerallsod 
Dikes, ^There  may  be  nothing  that  one  could 
sirlfily  rsll  a  vein  nlong  the  tone  of  frmctura; 
simply  a  shattering  of  the  rock  and  an  Im- 
pregnation or  replarwment  by  silica  or  vela 
minerals.  This  U  likely  to  occur  In  stUclotis 
mcks.  Not  Infrequently  there  has  been  a 
first  fntrualon  of  Igneous  rock  In  dike  form 
aloni:  such  n  fracture  and  aubeeqaont  move- 
ment within  the  dike  which  Is  usually  so  de- 
compofod  lo  thn  vicinity  of  the  orebody  aa  to 
be  little  more  than  a  mans  of  clay.  Such  oc- 
currences require  following  oul  along  tho 
strike  lo  some  lesi  altered  region  and  the  de- 
tailed study  ol  Inlprsectlons  for  a  delermliia- 
tion  of  actual  relailona. 

9.  Ore  rhlmoe)-B. — What  the  mloer  calls  ■ 
"chimney  of  or«"~a  body  of  a  rudely  rircniar 
proas-«ectlon — Is  apt  to  be  difficult  to  ckaiwc- 
terlie.     Etomrtlittee  It  la  a  fairly  rottd  maai  of 
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metallic  minerals;  sometimes  they  simply  form 
the  cement  for  breccia  fragments  of  country- 
rock,  in  either  case  largely  by  replacement.  I 
have  generally  been  able  to  account  for  such 
bodies  as  zones  of  more  or  less  shattered  rocks 
at  the  intersection  of  two  or  more  fracture- 
planes.  Such  planes  may  be  difficult  to  recog- 
nize in  the  immediate  vicinity  of  the  ore,  be- 
ing obliterated  by  the  action  of  mineralization, 
but  they  can  generally  be  found  in  the  neigh- 
borhood. 

10.  Orebodies  in  Limestone. — Because  of 
their  solubility  the  channels  that  admitted  the 
solutions  to  rocks  like  limestone  are  often  dif- 
ficult to  trace;  the  ore  is  more  likely  to  be  a 
replacement  than  a  cavity-filling.  Cases  do 
occur  where  it  is  the  filling  of  well  defined 
fissures,  and  occasionally  of  open  caves.  .  In 
such  the  bands  of  successive  deposition  or 
"crustiflcation"  should  be  recognizable.  Ex- 
isting caves  can  often  be  proved  to  be  of  later 
formation  than  the  ore.  Bounding  bodies  of 
more  or  less  pervious  rock  will  have  an  impor- 
tant influence  upon  the  circulation  of  solu- 
tions and  this  influence  should  be  studied. 
When  the  solutions  have  passed  along  a  given 
fracture  or  Joint-plane  and  then  crossed  to  an- 
other their  track  may  be  difficult  to  follow. 
In  one  place  a  large  chamber  of  ore  may  have 
been  formed,  and  this  may  be  connected  with 
another  by  a  crack  so  small  as  to  be  scarcely 
visible.  It  is  in  the  unreplaced  or  barren  por- 
tions of  the  rock  that  one  can  best  detect  the 
fracture-systems.  In  bodies  of  replacement  in 
limestone  the  ore  generally  grades  quite  slow- 
ly into  unreplaced  rock  with  no  defined  boun- 
daries. In  the  midst  of  a  large  body  of  un- 
oxidized  ore  one  can  generally  trace,  along  the 
walls  of  the  drifts  that  have  been  opened  long 
enough  to  allow  the  dust  to  accumulate  on 
the  walls  so  as  to  deaden  the  metallic  luster, 
the  bedding  and  Joint-planes  of  the  original 
limestone,  and  sometimes,  in  the  roof,  the 
crack  through  which  the  mineralizing  solu- 
tions entered. 

11.  Ore  in  Limestone  Near  Intrusive  Bod- 
ies.— Where  large  bodies  of  igneous  rock  have 
been  intruded  through  or  across  limestone 
beds  and  mineralization  has  ensued,  caught- 
up  fragments  of  limestone  wholly  or  partly 
enclosed  in  the  igneous  rock  are  often  so  com- 
pletely replaced  by  ore  that  no  limestone  can 
be  found.  One  may  detect,  however,  some  rel- 
ics of  the  rock  structure  or  some  of  the  lime- 
silicate  minerals  into  which  the  limestone  ha.s 
been  transformed.  Where  there  has  been 
faulting  near  the  contact  of  limestones  and 
igneous     rocks,     mineralization     often     takes 


place   In    the   fault    material;    interstices   are 
filled  and  limestone  fragments  replaced. 

12.  True  Contact  Deposits. — Finally,  there 
are  ore  deposits  in  limestone  in  the  vicinity 
of  large  masses  of  crystalline  eruptives  where 
no  related  fracturing  or  joint  systems  can  be 
traced.  Ore  minerals  are  associated  with  con- 
tact minerals,  such  as  amphiboles,  garnets, 
vesuvianite,  etc.,  and  magnetite  or  specularite 
are  mixed  with  pyritous  minerals;  the  ore- 
bodies  are  extremely  irregular  in  form  and 
have  no  definite  boundaries;  they  are  often 
crossed  by  dikes  of  eruptive  rock  that  are 
neither  mineralized  themselves,  nor  have  ap- 
preciably disturbed  the  orebodies.  To  these 
has  been  ascribed  a  probable  pneumatolitic  or- 
igin and  the  name  "contact  deposits"  pro- 
posed. When  such  are  observed  they  should 
be  studied  with  special  care. 

13.  Observations  in  Mines. — If  one  has  oc- 
casion to  examine  a  mine  with  extended  work- 
ings, one  should  first  study  the  map  of  these 
workings  and  endeavor  to  form  some  idea  of 
the  underground  structure  from  such  trust- 
worthy information  as  may  be  given.  One 
should  take  into  the  mine  with  him  a  copy  of 
the  drifts  he  has  to  examine,  or  a  rough  re- 
duction thereof  made  in  his  note-book.  In 
his  journeys  through  the  mine,  let  him  keep 
mental  account  of  the  structure  and  of  the 
bearing  upon  it  of  the  phenomena  observed. 
If  they  do  not  fit  the  hypothesis  adopted,  let 
him  stop  from  time  to  time  and  reason  out 
what  other  conception  they  better  fit.  Before 
leaving  the  place,  let  him  construct  cross-sec- 
tions to  graphically  test  his  hypothesis.  If  it 
has  not  accurately  measured  data,  let  him  get 
the  best  approximations  available.  Thus,  he 
will  often  be  able  to  decide  where  the  critical 
points  lie  and  to  settle  the  question  by  a  final 
visit;  whereas,  if  it  were  left  until  he  returns 
to  the  office,  it  might  necessitate  w^aiting  un- 
til another  season  before  the  decision  between 
the  two  alternative  hypotheses  could  be  ar- 
rived at. 

CHEMICAL  AND  MINERALOGICAL  PHE- 
NOMENA. 

It  is  assumed  that  the  geologist  is  familiar 
with  the  more  common  ore  minerals  and  with 
their  appearance  in  ores,  which  often  differs 
considerably  from  what  is  ordinarily  seen  in 
mineral  collections. 

14.  Zones  of  Oxides  and  Sulphides. — In  ex- 
amining a  mine  he  will  note  the  zone  that 
separates  the  original  deposit,  the  sulphides, 
arsenides,  antimonides,  and  tellurides,  from 
the  oxides,   carbonates,   and    sulphates,   which 
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*  rwrnliMl  from  Ibatr  allenitloii  by  uimot' 
:   wklara;   ba  will  see  whelber  lb«re  has 

■  asT  MtridiBiwit  or  Impoverishment  at  tha 
of«  mhmm  or  bvlov  thla  hoe,  any  svcreBailou 
of  tk«  Bvlala  by  mlfiratlan,  «di1  ondeavur  to 
trMM  ilH!  cauaea  tb«reot.  li  aoinetlmea  bap- 
paaa  that  a  mlnomt  occurs  In  tbc  oxIdUed 
aoo*  whoa*  «orr«spondlnK  orlsinal  is  not 
foand  In  tbo  luwor  tone.  For  Inatunce,  oxld« 
o<  manganirar.  whoaa  original  toriii  would  be 
tha     carbonate    or    aUIca,     rbodorhroslte.     or 

I^odoBlt*. 

111.  Iran  Depoalla.— In  Iron  depoBllB  one 
akould  cndaaTOr  to  determine  whether  tbvy 
raaull  from  iha  oxidation  of  Bulpbldea  or  were 
artsl&allr  dapoaltod  as  oildes.  In  the  latter 
r»»r  If  Ibcj  occur  In  iROeous  rocks,  let  him 
look  for  «Tld«nt«  that  they  were  lormed  by 
laacmatlc  dlSerentlntlon,  and  U  eucb  erldence 
la  foBBd,  let  bim  also  search  for  evidence  or 
aaba*iin«at  coDt«ntraUoii  by  aqueous  agencies. 
U  la  aadlmwoUirT  rocks,  let  him  see  if  thfy 
kavw  been  formed  by  n  coDceuirailnn  ot  dis- 
•wmlBatad  matarlal  by  surfnre  or  other  waters, 
fir  ar«  stniptr  r«aldual  deposlu. 

K.  Coppar  Dapoalls. — In  copper  deposits 
tt  mar  bm  aMumed  as  a  general  rule  that  tbe 
arlglnal  form  of  Ibe  deposit  was  chalcopyrlte 
■aanrlalril  witb  more  or  t«BS  Iron  pyrlte;  gen- 
wrally  more.  EnarKlte  Is  also  nn  Important 
wrrg  of  copper  which  so  far  as  kuown  at 
pa*a*at  Is  an  oriirinal  mineral.  Bvldenco 
haarlBC  spon  Uila  point  Is  valuable. 

1*.  Bllrar  Dvposlta. — In  silver  deposits  this 
naCal  ta  generally  associated  originally  with 
tr«a.  laad,  and  tine  sulphides:  also  with  cop- 
per Bvlpkldas  and  siilpbareenldes.  The  leas 
vshaabic  minerals  arc  likely  to  much  exceed 
l>  balk  th«  allTer  minerals,  the  latter  very 
b«4i>»BtIy  bdng  IndlsUngulsbable  except  un- 
4ar  Ike  mlcroacope.  If  there  are  large  bodies 
•f  rvrr  rich  allver  or«  not  far  below  the  tone 
mt  oxldatloii  ther*  Is  raaaon  to  suspect  second- 
ary aarlcbmeBt  and  to  look  for  evidence  ot  it, 

IR.  Oold  Dwpoalls. — In  gold  deposits  It  Is 
laipertaBl  to  aat«rtaln  whether  (he  gold  was 
■rtdaaltr  In  lb*  form  of  tellurlde.  for  in  this 
«■■»  th«  coat  of  reduction  Is  likely  to  be  much 
!■«>■■■  i.  Tbia  ta  dlfflcult  unleaa  the  ore  Is 
■xeevUoaallr  rich  so  that  the  tellurldea  are 
vMkle  lo  tk«  naked  eye.  Make  note  of  any 
traat worthy  analyses  and  bring  in  material 
tor  rh«fBlcaI  and  mlcronrnplcnl  tests. 

1>,  Secondary  Enrlrlini^nt. — U  Is  Impor- 
tafit  to  look  for  evidence  nf  siecondnry  enrich* 
meat,  aa  thia  may  afford  crilerta  for  Judging 
of  tlM  prebabllltlas  of  the  conUnunnce  of  pay- 
or* la  Aaftb.     It  is  baaed  on  the  broad  general 


fact  that  the  sulphates  formed  by  the  ozld«- 
tloD  of  Buiphtdea  near  the  anrfac*  are  leachod 
down,  even  Into  the  unaltered  portion  of  the 
depoBli,  and  In  the  presence  ot  relatively  large 
muuee  of  Iron  sulphides  will  be  reduced  and 
ro-deposited  as  sulphides.  In  this  proceM 
■egregatlon  tit  the  metots  may  take  place  ac- 
cording to  tho  ditlnrlnR  solubility  ot  their  lul* 
phates  and  their  afllDltlea  tor  sulphur.  Cll- 
maiic  conditions  and  tha  amount  of  erosion 
tbut  the  region  has  been  subjected  to  have  a 
bearing  upon  the  process.  The  favoring  struc- 
tural conditions  have  already  been  mentioned. 
Some  of  the  miners  logical  Indtcatlons  loUow: 

20.  Copper  Deposlis. — In  copper  doposlta, 
the  richer  sulphides,  cbalcoclte,  bomlte,  and 
covetliie  have  been  found  In  most  cases  to  be 
secondary  enrlrhmeDts  of  chaicopyrllo.  The 
amorphous  black  ore  often  occurlng  near,  the 
line  between  oxides  and  sulphides,  sometimes 
called  "sooty"  ore.  Is  definitely  the  r«sull  of 
leaching  down  and  re-preclpttatton.  It  haa 
hitherto  generally  been  called  "black  oxide" 
or  "oxysulphlde,"  but  chemical  examlnatlona 
or  specimens  tested  thus  far  have  proved  them 
to  be  an  Impure  cbalcoclte.  If  found  la  aneb 
quantity  that  it  can  be  obtained  free  from  Im- 
purities it  should  be  saved  for  chemical  leata. 
L.arge  bodies  of  Iron  oxide  that  reault  from 
the  oxidation  ot  Iron  sulphide  may  be  expect- 
ed. It  they  contain  a  trace  ot  copper,  to  paaa 
downward  Into  pyrltous  ores,  enriched  by  cop- 
per sulphide,  and  then  Into  normal  pyrlta  with 
n  little  copper  sulphide. 

31.  Sliver  Deposits. — In  silver-bearing  orea 
the  very  rich  silver  minerals,  such  aa  horn  sil- 
ver and  the  native  metal,  occur  in  the  oildlaed 
sone.  The  rich  sulphides,  arsenides,  and  anU- 
monldes.  with  the  mixed  minerals  polybaalta, 
tetrabedrlte,  etc..  In  the  sulphide  lone  are  lia- 
ble 10  be  of  secondary  origin.  This  can  bo 
proved  when  they  are  the  last  deposit  In  ruga 
and  cavities  and  are  connected  with  water 
channels  leading  to  the  surface.  Native  sil- 
ver may  also  occur  In  the  sulphide  tone  as  the 
reault  of  secondary  alleration. 

St.  Base-metal  Deposits. —  In  the  baser  orea, 
where,  as  Is  not  Intrenuently  the  case,  thero 
Is  a  decided  predominance  ot  load  componada 
In  the  upper  portions  and  xlnc  and  Iron  snl- 
phldea  at  lower  levels,  there  Is  a  snggeatton 
of  ro-dlslrlbutlon  since  original  deposition  In 
virtue  ot  the  leaser  aolublliiy  of  the  former. 
Gold,  though  roadlljr  Insoluble.  Is  attacked  hy 
ferric  sulphate  and  precipitated  when  the  lat- 
ter aseumoa  the  ferroua  condition.  This,  to- 
gether with  the  fact  that  near  the  sorfaoe  the 
soluble  sulphates  ot  the  other  melala  are  more 
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readily  removed  by  surface  waters,  will  prob- 
ably account  for  the  common  decrease  in  value 
of  gold  ores  from  the  surface  downward. 

ECONOMIC  AND  COMMERCIAL  CONDI- 
TIONS. 

23.  Conditions  of  Persistence. — The  geolo- 
gist is  generally  expected  to  give  some  opin- 
ion as  to  the  future  of  a  mine  or  mining  dis- 
trict. He  must  summarize  the  evidence  gath- 
ered. Favoring  conditions  for  persistence  are 
(a)  evidence  of  strong  dynamic  action,  which 
would  produce  strong  fissure-zones  and 
abundant  water-channels;  (b)  abundant  igne- 
ous intrusions,  and  evidence  of  strong  chem- 
ical action  in  the  alteration  of  the  rocks,  and 
(c)  a  visible  impregnation  of  the  rock-masses 
in  general  with  metallic  minerals,  even  if  of 
no  commercial  value.  The  most  Important  is 
the  actually  proved  existence  of  large  bodies 
of  valuable  ore.  As  a  rule,  large  bodies  of 
low-grade  ore  will  lead  to  more  permanent 
industry  than  very  rich  ores. 

24.  Commercial  Conditions. — The  general 
commercial  conditions  should  be  also  consid- 
ered;   the    proximity    to    and    accessibility   of 


the  region  to  railroad  lines,  and  consequent 
approximate  cost  of  bringing  in  supplies  and 
machinery  and  taking  out  ores;  the  question 
of  supply  of  water  for  generating  power,  or 
for  reduction  purposes;  of  timber  for  building 
and  mining  work;  of  fuel  for  steam,  and,  if 
need  be,  for  smelting,  must  be  considered. 
Copper  ores  and  most  lead  and  zinc  ores  in- 
volve smelting  operations,  hence  in  their  case 
cheap  transportation  is  more  indispensable; 
whereas,  gold  ores  can  frequently  be  reduced 
on  the  spot  by  amalgamation,  cyanidation,  or 
chlorination,  and  this  may  often  be  carried  on 
at  a  profit  in  relatively  inaccessible  districts. 
It  must  be  borne  in  mind,  however,  that  tellu- 
ride  and  pyritous  gold  ores  generally  require 
preliminary  roasting. 

25.  Historical  Data. — Data  should  be  ob- 
tained on  the  spot  as  to  the  history  of  dis- 
covery and  development  of  a  mining  region, 
paying  especial  attention  to  facts  which  bear 
upon  what  might  be  called  its  economic  evo- 
lution. Also,  all  trustworthy  data  that  may 
be  of  use  in  estimating  the  aggregate  pro- 
duction of  the  various  metals  mined. 


NEW  INCANDESCENT  LAMPS 


CONDENSED  FROM  "ENGINEERING  NEWS  " 


During  the  past  few  months  several  new  in- 
candescent lamps  have  been  put  upon  the 
market  in  commercially  successful  forms, 
whose  light-producing  efficiency  is  consider- 
ably higher  than  the  forms  in  use  for  many 
years  past.  Some  of  these  new  lamps  give 
three  or  four  times  as  much  light  from  a 
given  amount  of  power  as  the  old  style  car- 
bon lamps. 

It  seems  probable  that  these  new  lamps 
may  bring  about  many  radical  changes  in  the 
electrical  industry.  That  there  are  at  least 
possibilities  in  the  field  every  one  will  admit. 
If  we  can  get  four  times  the  light  for  a  given 
power  we  can  also  get  the  same  light  as  at 
present  for  one-fourth  the  power.  The  new 
advance  means,  therefore,  not  only  better 
and  more  liberal  illumination,  but  an  exten- 
sion of  electric  lighting  into  fields  where  it 
has  been  hitherto  deemed  too  expensive. 

Efficiency  of  a  Light. — The'  efficiency  of  the 
common  form  of  carbon  filament  lamp  is  only 


a  fraction  of  one  per  cent.  That  is,  of  all 
the  energy  applied  ninety-nine  and  a  fraction 
per  cent,  goes  off  as  waste  heat.  This  has 
been  the  incentive  for  all  the  investigation 
and  experimenting  of  many  years  back.  The 
present  time  seems  to  have  brought  almost 
simultaneously  the  culmination  of  several  dis- 
tinct efforts.  It  should  be  remembered,  how- 
ever, that  these  practical  results  are  the  out- 
come of  years  of  patient  laboratory  investi- 
gation and  experiment. 

It  is  impossible  to  make  a  uniform  and 
completely  logical  definition  of  the  "effi- 
ciency'' of  an  illuminant  from  physical  data. 
Light,  is,  of  course,  the  physiological  action 
of  certain  radiations  of  energy.  Such  effects 
vary  with  individuals  and  with  external  con- 
ditions. Rays  close  to  yellow  arouse  greater 
optical  sensations  than  rays  of  either  the  vio- 
let or  red  ends  of  the  spectrum.  One  candle 
power  of  red  or  violet  light  represents  a  source 
actually    sending    out    more    radiant    energy. 


atbcr    ikui   html,    ihna    on*   cnndlv   power    of 

r*Hmw   or   xr««ti. 

r«l.    K    mar    b«   nld    that    a    salld 

t  U  mors  edlrlenl.  (hat  It  has  leeii 

,   (li«   hisbvr   Its   wurklDK   lompera- 

TIm  rwrerw  la  irue  of  luminescent  \a- 

■■d   Kk*M- 

>  S*l«cclv«  RadlaUoD. — The  efflrtenc;  of  an 
.  K)ld  body  deiMnda  un  BtflJ  an* 
|ih«noiB«tioi).  tbaush  10  a  l<^sae^  do- 
I  temperature.  This  la  called  "ae- 
Uv«  ndlatlon."  and  Just  wbnt  ia  meant 
I  la  beat  shown  by  approaching  It 
I  s  tvaBd«bont  way. 
At  a  dvao  tODip«rature.  the  total  eiiergy 
I  la  all  wKya  (that  la  as  light,  au  bent 
I  aa  rhemlral  energy)  la  greater  per  unit 
L  ideal  dead  blaik  aurface  than  for 
an;  otb«r  known  aarface.  In  gencrnl.  It  may 
b*  laid  that  any  aubstance  capable  ol  being 
1  to  a  lenparature  of  I.SUO''  C.  or  over, 
lee  leas  lotal  energy  than  would  the  Ide.il 
.  black  body,  at  that  same  temperature. 
k  gniateT  percentage  ot  the  energy  radlalod 
r  Vtm  tormer  paaMs  In  such  wave  lengths  aa 
r  tlM  Moaatlon  of  light  than  tn  the  rnso 
1  black  body.  Therefore,  any  budy, 
r  thui  tbe  Ideal  black  one.  U  selective  tn 
'  of  radiation.  It  la  also  ob^lui  s 
I  dead  black  body  Is  Ihe  least  efflclent 
■ifet  MMrce. 

Tbe  conunon  carbon  Olamenl  appronrhca 
IW  dead  black  body  the  nearest  ot  any  nia- 
■MOt  mad*.  Hence  It  la  least  eltlcient  as  a 
r  of  Usbl,  and  It  was  only  Hs  valuable 
pmpertlee  that  rausod  Its  adoit- 
Uoa  (Of  IncaBdMcent  lamps. 

Tta  new  Blameata  are  better  than  tbf  old 
carfeoB  niaBMils  for  two  reasons.  Ftrsi.  ihcy 
tmm  ba  worked  at  blgber  temperaiureK,  wblcb 
arw  m&tatalaed  by  a  less  expendliure  of  cn- 
•SKT-  Bacond,  a  greater  percentage  of  tbe 
UMaI  radiant  anargy  oxlsta  In  sut^b  wave 
laattba  as  the  eye  la  moat  sensitive  to.  This  Is 
tkowB  In  tbe  comparlaon  of  color  values  glvi'n 
la  Tobl*  I. 

Thw  qnastioo  naturally  arises  ae  to  why  ibo 
■M  tarbmi  Blament  cannot  be  worked,  nt 
Ihaa*  hicbar  temperatures,  since  the  roelt- 
lac  wtd  tmtllnic  point  ot  rarbon  la  so  fmotK. 
II  haa  baea  demonstrated  tbal  the  highest 
lampfftaiara  at  which  any  fllamonl  can  b« 
K  reasonable  economical  life 
•St  d«pand  OB  the  melting  or  boUlns 
t  of  Um  Ottbataiicea  from  which  tbe  nia- 
[  li  toTBMd,  but  upon  Ita  vapor  tension  or 
Utr  (0  KTodual  evaporation  at   lower  tem- 


The  Hetatllied  Carbon  Filament  Lamp.— 
The  new  fonn  ot  carbon  fllameni  known  ai 
'*melalllxnd"  owes  lt>  aucccas  as  a  llichtoource 
lu  two  properties.  The  first  ot  ihe«i:>  Is  n, 
greatly  Icseened  tendency  toward  evaitoratlou 
of  the  t1  lament  or  tome  content  thereof. 
This  conavguently  glvea  a  much  smaller 
amount  of  blachenlog  of  Ihe  Interior  walla  of 
tbe  bulb  und  enables  the  usual  lite  of 
the  lamp  lo  be  limited  by  tho  time  of  actual 
rupture  of  tbe  Alamont,  This  Increased  va- 
por tension  oltect  !■  due  probably  lo  an  al- 
tered cheiiiUal  composition  ot  tbe  ttlamant  It- 
self.  Aa  will  bo  shown  later,  the  chemical 
composlilon  ot  tbe  niament  Is  changed  In  two 

The  second  properly,  more  or  Ie*a  related 
to  the  first,  contributing  to  lis  value  as  an  11- 
luwloani.  Is  Ita  Increased  atrength,  enabling 
operation  nt  a  much  blgher  temperature  and 
a  consequent   per  unit  of   light  tumlahed. 

Up  lo  u  rurlalo  point  both  typoa  ot  lllameBt 
are  made  alike,  puro  cotton  Is  made  Into 
soluble  cellulose,  cari^fully  healed  and  set- 
tled to  rvmove  nir  bubbles  and  to  Insure  a 
proper  degree  ot  consistency.  This  loluDou 
Is  sfiulrtcd  Into  Jars  of  alcohol  by  automatic 
mucblnea  and  at  the  same  time  culled  ai  a 
ronllnuoua  Ihrvnd  In  tho  bottom  ut  tho  liquid. 
Tbla  gelatinous  ihrend  m-clvrs  a  preliminary 
drying  by  pabitlni:  around  steel  druma  prop- 
erly heated.  Tho  threads  are  redrled  on 
proper  forms  In  ovens,  and  cut  Into  Individual 
lengths.  The  threads  are  packed  In  Iron 
boxes  with  pulverised  peal  and  siibleeted  lo 
tbe  highest  bent  nbtalnnhle  In  an  oven,  with- 
out using  an  elettrlc  turnofv.  The  rarbon- 
lied  IllamenlB  are  measured,  selected  and  a>- 
sorted   before  receiving  further  attention. 

From  this  point,  the  old  and  new  provaaaaa 
are  disllnct.  The  lllamnnts  tor  Ui«  old  etylo 
lamps  are  next  "Hashed."  or  raised  to  partial 
Incandescence  for  a  short  aiMce  of  time,  la  « 
mrined   vapor  of  gaaollne  or  other  hydrocar- 

The  aiomenls  for  tbe  metallising  procMS 
are  packed  with  iwwdered  carbon  In  an  ala^ 
Iric  tube  furnace  and  subjected  to  the  high- 
est heat  possible  with  Ibl*  type  of  fumaca. 
Bo  high  Is  tbe  temperaturo  attained  that  the 
carbon  tube  In  which  tho  Olaments  are  packed 
In  so  nearly  destroyed  that  It  cannot  be  uoed 
a  second  time. 

After  this  metallliing  process,  tbe  ftla- 
nionts  ore  "flaahed."  as  were  the  others.  In  a 
rarlOed  atmosphere  of  bydrocarbon  vapor. 
The  carbon  depoalted  on  tbe  fflamvnt  by  ttaU 
portion  of  the  process  needs  to  1»e  Itself  U«at- 
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ed  to  a  term  In  the  tube  furnace,  after  which 
the  fllament  1b  reflashed  in  the  gaaoline  vapor. 
It  Is  now  ready  for  aBBembling  In  the  com- 
pleted lamp. 

It  Is  believed  by  some  persons  that  there  IB 
during  the  second  heating  In  the  tube  fur- 
nace a  polymerization  of  the  atomB  of  that 
carbon  which  waa  deposited  In  the  first  flash- 
ing. The  graphitic  appearance  and  peculiar 
physical  properties  might  be  explained  by 
such  a  theory  of  a  polymeric  arrangement  of 
the  atoms. 

If  this  "allotropic"  form  of  carbon,  as 
Bome  persons  choose  to  call  It,  be  deposited 
on  such  a  core  as  may  later  be  removed  at 
desired  at  ages  of  the  process,  most  remark- 
able physical  prapertleB  are  manifested.  At 
one  stage,  such  a  little  tube  could  be  pressed 
together,  say  by  a  hard  blade,  and  when  pres- 
aure  is  removed  would  Bpring  Into  Its  origi- 
nal shape  as  though  made  of  rubber.  At  a 
different  stage  of  the  process  the  tube  would 
behave  as  one  made  of  lead.  These  character- 
istics are  foreign  to  the  hitherto  known  phy- 
sical properties  of  carbon. 

The  physical  stability  of  the  metallised  flla- 
ment U  BO  much  greater  than  the  ordinary. 
that  the  allowable  working  temperature  has 
been  Increased  from  1,800°  C.  to  1,950°.  For 
same  candle-power  units  a  fllament  of  smaller 
cross-section  Is  employed  lu  the  metallized 
type  than  in  the  ordinary. 

The  metallized  lamps  are  made  in  250,  1S7, 
125.  100  and  50-watt  sizes,  all  having  a  use- 
ful lite  of  about  550  hra..  with  a  power  con- 
sumption of  2.5  watts  per  c.   p. 

The  Tungsten  Fllament  Lamp. — Metallic 
tunsten  Is  brittle,  and  Infusible  by  ordinary 
commercial  methods.  It  unites  with  both 
carbon  and  oxygen  at  high  temperatures. 
The  methods  of  fllament  manufacture  seem 
numerous,  and  there  may  be  possible  several 
commercial   and   competing  processes. 

There  are  at  least  two  American  processes 
of  making  tungsten  filaments,  the  exact 
sUges  of  which  cannot  herein  be  staled.  In 
general  it  may  be  said  that  the  tungsien  is 
held  suspended  In  a  finely  divided  stale  In 
such  a  solution  as  Is  squirted  Into  filaments. 
The  solution,  of  course,  must  contain  enough 
binding  material  to  allow  the  drying  and 
welding  processes  to  be  carried  on. 

The  tungsten  filaments  exhibit  the  uaual 
characteristics  of  pure  metals.  The  electrical 
conductivity  is  high,  requiring  a  loug  fllament 
of  small  cross  section.  The  tempera ture-re- 
Blstance  coefficient  is  positive,  and  on  this  ac- 
count   the   lamps    have   considerable    Inherent 


regulation.  The  changes  In  light  production 
and  power  consumption  are  less  for  given 
voltage  fluctuations  than  In  the  case  of  the 
older  carbon  fllament  lamps. 

The  color  of  the  light  emitted  at  proper 
voltage  is  near  that  of  acetylene  gas  used  lu  a 
good  burner. 

On  account  of  the  brlttleness  of  tungsten 
trouble  Is  found  in  shipping  lamps  wlih  the 


lighter  and  longer  forms  of  filaments  over 
American  railroads.  The  loss  by  breakage 
may  rise  as  high  as  uO  per  cent. 

The  tungsten  fllament  adapts  Itself  to  ser- 
ies street  lighting  systems  which  are  favor- 
ably compared  with  any  other  lllumlnant  in 
economy.  This  could  not  he  said  of  the  older 
form   of   carbon   fllament  series    lamps.      The 
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TAN'TALt'M    riLAMENT    LAMP 


1  mtIm  l«mpB  can  be  oiwrAtcd  tor 
1,000  bours  ll(«  with  a  power  cuu- 
1  of  1.2S  to  l.aO  waiia  per  c.  p.  Tbey 
mn  aeld  la  (0  And  6"  r.  p.  untu  [or  4.0,  &.S, 
O.c  And  T.C  kmpem  ■yiii»tu«. 

TIw  TaDUIum  KUkmcot  Lkinp.^Pure  tan- 
Utan  U  uali*  dUBcult  lo  obtain,  and  anlr  br 
••  «:ip«iulT«  prot«u.  It  la  known  to  hnve  a 
MnDtfta  equBl  lo  that  o[  tb«  btiat 
I  bmIUqs  paint  of  about  2.300'  C. 
tfc«  l&Bip  ia  new,  tbe  Btament  ap- 
I  a  Sua  and  fairly  amoolb  wira.     Latvr 


the  ninment  undersocs  ftoina  atructural 
chaDgeii.  Tbla  e8«ct  may  bo  r«fBrded  ma  a 
cryalallliatlon  wblch  becomes  Bcc«Dtuat«d  by 
uslQS  Ui«  lamp  on  alternatlns  ctrculla.  and  It 
IncrvasM  with  higher  frequftncles.  By  uao 
wKh  dlr»Gt  current  tho  crystal! — II  tbe  action 
can  be  call«d  crystalUialion — arrauKS  ibam- 
•elves  In  a  uniform  order,  while  by  rereraals 
of  tbe  alternating  current  these  crralals  aa 
formed  arrans*  tbamaelvos  Irregularly.  Tti* 
nppearanc*  undar  th«  rolcroaeope  la  aach  aa 
to  Kirs  tb«  ImprMBloa   that  tha  lllamant  had 
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rnit  operates  the  electro-magnetic  switch  and  to  have  a  dazzling  effect*  under  ordinary  clr- 

aQtomatlcally  cuts  out  the  heating  colls.     On  cumstances. 

arrount    of    the    large    negative    temperature-  tadlk    i -color    comparison   of   nkw    lamps 

resistance  coefficient  of  the  glower,  "ballast"  Jfg'J'*,^'}}^^^"''  carbon  fii>ament  (3.1  watts 

H   placed   in  the  circuit.      This  consists  of  fine  '                            Metallized     Tantalum       Tungsten 

wire    wound    around    a    porcelain    pencil    and      riea  J'"'. .  !'!':r*": "hT;-;*''    "  ^7r'v'  '*    ^'%nh^'^' 

sealed    in    a    Rla»8    tube   to   prevent   oxidation      Ked    wn  92.7  87.r» 

.......  ,  '         ,        _..      .  Yellow  (Crova)  HHM  lu»  M  tt».ri 

at   the   high   teniporature   reached.      This   iron      oreen  Kio.i  no  1  101.1 

wire   has  a   large   iM>siilve   tomi>erature-resist-      ^'"*    ^^^'^  **'*^  ^'^^ 

ance    coeffirient    which    tends    to    Imlance    the  '^^®  values  given  in  the  table  are  expresFeJ 

negative  one  of  the  glower,  reducing  the  cur-  ^°  terms  of  the  "clear"  value  of  the  old  form 

rent   fluctationa  in   the    latter,  and   increasing  of  filament.     Thus   in  column   2.   the  relative 

the  steadiness  of  the  light.  candle  power  of  the  "metallized"  lamp.  In  the 

The    mean    lower    hemispherical    rating    of  ^^^  region  of  the  spectrum,  is  96.7'/f  of  that  of 

the  Nernst  lamp  is  now  about  1.3   watts  per  ^^^  older  type  lamp  in  the  same  spectral  re- 

c.    p.      The   average   life   of    the   glowers   ap-  Klon,  indicating  that  the  new  form  has  a  cor- 

proaches  1.000  hrs..  with  very  steady  voltage  responding  decrease  in  red  rays, 

and  high  frequencv.  tarlk   ii  — comparative   performance  of  in- 

--              ,                1     '        #     II    u*     *                     XT           *  CANDKSCENT    FILAMP:NT    ELECTRIC    LAMPS. 

TTie    color    value    of    light    from    a    Nernst  Vs.fui   r-Wiitts  jmt  r.  p.-^ 

glower  is  better  than  that  of  the  common  in-  ^  „„          ^.            Jl'^      o^'Tj      x^}^'n  .a?!?* 

Common   carbon...    .».m>       H.  ito'l       4  to  0    fO.ln 

candescent   lamp,   though   the   light  is  not  so  Metaiiizcii    carbon    .ViO        *.>.'•            'jn      o.20 

...  .u    .      •  1        J  ^lA  TunRnten     l.<K)i»  1  'J.**  la        l..T14$1.00 

White  as  that  of  an  enclosed  or  magnetite  arc.      Tantalum   i.rt»o        lvo  u.'J      o.45  A  O.w 

On    account    of   the    great    intrinsic    brilliancy  ~izt"~                        ..,..,           .         .     w 

'  •Those   are   comparative   INt   prlr»'«   nn<l  are   to   09  rt" 

of  the  glower,  lamps  with  clear  globes  are  apt  gtrdid  us  Kcut'rai  nnd  approximnti- 


HIGH-SPEED  STEEL  TOOLS 

By  E.  R.  NORRIS 


CONI»E-\SED   FROM    -THE   ELECTRIC  JolRNAL    ' 


air.  y,  W.  Taylor,  president  of  the  Ameri- 
can So<'ie(y  of  Mechanical  Engineers,  re- 
cently* read  a  paper  before  that  body  on  "The 
Art  of  Cutting  Metals."  in  which  were  de- 
scribed at  length  the  results  of  Investigations 
iDad«>  by  himself  and  others  associated  with 
him.  Experiments  extending  over  a  period  of 
many  >ears  had  lieen  carried  out  with  the  view 
of  determining  the  proper  heat  treatment  of 
cutting  tools,  their  shapes,  angles,  feeds,  cut- 
ting speeds,  etc.  During  these  experiments  it 
was  discovered  that  Mushet  and  other  self- 
hardening  tools,  which  had  been  previously 
looked  upon  as  suitable  only  for  cutting  hard 
iDtftaU.  could  be  used  with  even  greater  eCTect 
upon  soft  metals.  This  was  followed  by  the 
diacovery  that  by  flowing  water  freely  upon 
the  chip  and  upon  the  nose  of  self-hardening 
tools,  a   mach  higher  cutting  speed  could  be 

^btr  (IMS) 


employed.  Still  later  it  was  found  that  tools 
made  of  chromium-tungsten  steel,  which  had 
been  heated  close  to  the  melting  point  during 
treatment,  could  be  oi>e rated  at  even  higher 
speeds  and  coarser  feeds,  thus  giving  a  further 
advantage  over  other  tools  in  the  amount  of 
>Kork  i>er formed.  Increased  output  is  accom- 
panied by  a  much  higher  temperature  in  the 
tool,  and  the  ability  to  stand  up  to  the  work 
under  these  conditions  may  be  said  to  be  a 
characteristic  of  all  high-speed  tools.  This 
discovery  of  the  properties  of  chromium-tung- 
sten steel  directed  the  attention  of  other  in- 
vestigators to  the  subject,  and  their  labors 
have  resulted  in  the  production  of  many  sim- 
ilar varieties  of  high-speed  tool  steels. 

Steels  of  this  class  may,  with  a  few  excep- 
tions, be  grouped  as  follows: 

A — Carbon — chromium — tungsten. 

B — Carbon — chromium — molybdenum. 
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»nwtlac  Kffalr.  «mboij\as  no  on«  Idea  to  Ibv 
CBcIuloB  of  «nr  oihti.  Thl>  loBlure  will  bw 
I  wldMit  wbra  Ronw  of  the  more  Inipor- 
[  at  tkMH  temtures  are  eoutnented. 
I A  toot  wlih  a  porfecUj  Btr»lgbt  cutting 
I  ha*  a  wndencr  to  chiller:  a  round  uob« 
!«  tlila  tvndeDcr  and  thereby  pro- 
I  «  mon  evenlj-  flolsbed  piMe  ur  work. 
t  tool  with  a  larRB  radius  lo  the  nnae  rnay 
t  run  at  a  hlsher  speed  ibau  one 
vlU  a  analler  radtui,  but  the  rhlp  !■  tbln- 
ii*r.  Clvanintir  ta  necessary  between  the 
I  and  Its  work  below  the  cuttlnE  edge; 
I  Rr«ator  lhl>  ciMrance,  Ihe  more  readily 
t  tool  euU  aad  the  leaa  the  llatilllty  ot  the 
'  portion  riding  agatnsi  the  work:  on 
(  otlwr  hand,  tba  crealer  the  clcarunctr,  the 
r  Ibi^  nose  at  the  too)  becomes,  wlib  the 
•quant  Increasing  danger  of  Its  crunib- 
t  away.  A  tool  should  always  bsra  bark 
I  well  as  side  slop«:  that  ta.  a  dowu- 
i>p«  oa  tlie  top  away  from  thr  rutting 
I  «•  w«ll  aa  to  one  side.  Like  clearance. 
:  alope  and  aide  slope  both  wrakeu  the 
r  ot  the  tool;  but,  while  beck  elope  piles 
I  rhlp  agalnai  the  tool  post,  side  slope 
D  one  side:  the  real  purpose,  how- 
,  of  both  side  and  back  slope  Is  lo  give 
tlw  proper  clearance  lo  (he  cutting  edge  ur 
tho  tad  and  thus  to  reduce  ihe  tendency  of 
Its  twtnc  pushed  away  from  ihe  work. 

BxpcrlcBCo   haa   demonstrated    that    for   all- 
arvwBd   work,   either  on   hard   material   or   on 
•oft.   IB  the  aiuallesl   laihe   or   on   Ihe   lurgest 
borlBC  mill  or  planer,  the  round  nose  toot  Is 
haaC      Regardleas   o(    slio   or   class   ot    work. 
the  cotttour   of   the   nose   la   about   the   same, 
tat   tha    BBglew    ot    thn   edges    aa    well    its    the 
^■■mtsMBB  ol  the  nose  vary. 
^^■Mt-  Tkrior  recommanda  a  clearance  of  alx 
^^Ppwa*  Bad    a  back   alope   of  eight  degrees 
^^^^  all   alsM  of  tools.     Tbe  side  slope,   how- 
•ewr.  ekaages,  being   fourteen   degrees  In   the 
imaw  of  tools  for  rutting  bard  steel   and   cast 
lt«a.  aad  iwenty-two  degrees  for  cutting  med- 
^^■M  and  soft  sImI.     The  radius  ol  the  nose  Is 
^^HH*wd   from  the  formula^ 
^H^     R-l./ZA — 5  13    IQ.    for   blunt    tools: 
^r      R=  I/3A— 3  16  In.   tor  sharp  tools; 

■l>eie   R  —  radios  of   point  sod   A  —  width   ol 
loot. 

AppUrailons  of  High-speed  Tools.— Hlgh- 
sveBd  steal  tools,  as  Ihelr  name  Itnpllee,  are 
(Bp«Ma  of  being  operated  ai  considerably 
hlsh«r  apaods  and  feeds  than  rutting  tool* 
mmta  fma  the  ordinary  carbon  sieets.  Their 
idiaai  lata  MMBmerdal  work  compelled  roa- 
cUa*  loot  hutldcrs  la  re-dealgn  their  products 


ao  as  to  make  them  sultablo  for  theiii>  Ulaber 
speeds  and  feeds  wlih  their  attendant  In- 
ireaaed  strains,  etc.  Manufacturers,  t-vpo 
though  ibey  recognlted  the  merits  of  high* 
speed  cutting  tools,  could  not,  for  obvious 
roasons,  discard  all  of  their  machine  tools 
which  were  not  strictly  adapted  to  the  new 
order  of  tblogs.  Before  them,  therefore, 
was  placed  the  imrplexlng  problem  as  to  wbai 
extent  their  machine  tools  could  bo  used  ad- 
vantageously with  the  blgh-speod  cutting  tools 
or  to  what  extent  their  machine  tools  should 
be  altered  or  replaced. 

From  tbls  It  will  be  seen  that  In  commer- 
rlal  manufncturlng  as  it  eilsts  to-day,  ttiera 
are  of  necessity  two  standards  of  maximum 
speeds  and  feeds,  depending  upon  whether 
one  refera  to  the  machine  tool  or  to  the 
cutting   tool. 

Considering  a  particular  machine  tool,  tha 
maximum  speed  and  feed  at  which  It  should 
bf  worked  In  connection  with  a  certain  claaa 
of  material  can  be  found  only  by  actual  trial. 
When  making  such  an  Invoatlgatlon.  all  ol 
the  factors  entering  Into  Ita  operation  should 
be  taken  Into  account  hi  Ihe  very  oulaet  and 
but  one  ot  thera  changed  nt  a  tlmo,  the  other* 
n'malnlng  constanl.  It  Is  ot  the  utmost  iro- 
porlance.  loo,  that  tbose  factors  be  prime  and 
not  rompoalte.  A  few  years  ago  elatiorata 
tvsts  on  high-speed  steels  wore  made  at  tha 
Manchester  (England)  School  ol  Technology. 
Mr.  Taylor.  In  commenting  on  tbese  lest*, 
IMtnis  out  ihnt  the  value  of  some  of  the  data 
then  obtained  la  very  much  detracted  from, 
because  the  aroa  of  the  cut  was  taken  as  a 
single  factor,  the  assumption  being  mada 
that  the  effect  of  doptb  times  width  was  aU 
waya  (he  same,  whereas  the  width  ot  teed 
has  a  greater  InOuence  than  the  depth  upon 
the   cutting   speed. 

As  showing  the  speeds  and  teads  practi- 
cally attainable  on  the  basis  ot  Ihe  cuttlnc 
tool  being  worked  tor  one  hour  and  thlrtir 
minutes  without  regrlndlng,  the  two  follow- 
ing tables,  reproducing  In  part  da(a  compiled 
by  Mr.  Taylor,  will  prove  of  lnter<»«i.  The 
tool  used  was  a  □Dl^-lDcta  round  nose  tool  ot 
approved    design    and    composition. 

Both  Iron  and  sieel  contain  carbon  In  lU 
two  states,  combln'd  and  graphitic,  though 
the  total  amount  ot  carbon  la  uaually  much 
greater  lo  iron  than  In  steel.  It  la  a  well 
known  fad  that  as  the  percentage  Ot  com- 
bined carbon  Int-roosas  the  metal  b««»t)aa 
harder,  and  while  (hts  ma;  theretora  acrowat 
in  part  for  the  difference  In  cutting  speeds 
between   soft,   medium   and   hard   Iron   or   ba- 
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FnOU  AltTICLES  1\  *  THK   RNCil.NeuKI.Nti 


MNO   JODBNAf 


la   tiM   tnodcTD  bl«M   farnac*.  accordloK  to 

AsMrlmi   practice,   murb   attvntloD    hu   b««u 

M  to  the  rarlmu  detkea  tor  bandllDK   tta« 

Uutel  and  chKi-gliiE  Itie   turDaro,     The  ob- 

t  hu  b«ea  to  MV«  lime,   la  keep  the  fur- 

I  worklns  to  full  capaclir.  and  to  dlapeose 

till  mannal  labor  as  far  aa  poeslblo. 

HaadUBS   the    Kaw    Material.— Behind    the 

:   lareac*  aro  alluated   two   Ions  rows  of 

I  bin*.     Tbme  blna  are  tilled  by  boKom- 

[  railroad  ran,  whkh  bring  the  ore  to 

n.  or  bf  mechanical  apparatus  from 

1  pll«a  of  ore  Blorod  convenieDlly  near. 

K««*a   and    under   these   two   rows   of   bins 

tnck    ou    which    Utile    iralna    of   ore 

I  ar*  tranafcrrcd  back  and  forth,  being 

with  a  weighed  amount  ut  ore.  Ilme- 

t  or  foal,  and  then  Bwltrbed  Into  a  poat- 

arbcr«   they    ran    deposit    their    contenta 

>  toadlDK  skip  of  the  blasi  fnrnace. 

.   Ijnadlait   thi!    Furuac«, — -In   on«   of   the   big 

Amortcan    furnaces,    working    at    top 

,  tkt  amount  of  material  which  muat  b« 

I  Into  the  top  during  21  hours  will  tre- 

'  axoaod    2.000   tons,   and   the  charging 

t  so  on  for  36fi  days  a  year  with  never  a 

r  of  nora  than  a  few  hours  at  d  time. 

Ik  tbo  modem  type  ot  furnace  this  loading 

la  ammplMwd   altogether  hy   mechanism  op- 

rt«tad  and  controlled   from   the  ground   level, 

aad  BO  Bell  are  requlrrd  to  work  at  the  top 

o(   lb*   faroace.     A   double.   Inclined   akipway 

Yiivada   abora   tha   top   ot   the   furnace.     One 

^tp  dlacfaarse*  Ita   load  ot  ore.   fuel  or  flux. 

iBlo   llM  boppar,   wbllc  the  second   skip   la  at 

ib>  botum  of  Uie  Incline  roady   to  be  loaded 

atib  Ha  cbuv- 

Tte  appor  hopper  of  the  furnace  Ib  doted 
at  the  boilom  by  an  Iron  cone,  known  aa  a 
imU.~  Thla  bell  la  preesed  tip  agatiist  (he 
bouon  of  lb*  hopper  by  (he  IcTcr  of  the  coun- 
(•rwelshl.  bat  may  be  lowered  by  oprrailoB 
lb*  crlindcr  abowB  at  the  aide  to  allow  the 
fbarso  to  tall  IbIo  the  true  hopt>er  nt  the 
'tjBsoW  pntmmt  at  mMnlluray.  Stbool  ot  HIbm.  Co- 


blaat  furnace.  In  this  way  the  true  hopper  of 
the  furnace  la  progreBalvely  SHed  with  ore, 
(lui;  and  fuel.  This  hoppor  la  also  closed  at 
the  liottom  by  a  almllar  bell.  The  loworlUK 
of  this  hell  is  also  controlled  by  mechanism 
operated  from  the  ground  level.  At  InterTala 
Ihla  operation  la  effected,  and  the  content  of 
the  hopper  allowed  to  fall  In  an  annular 
atream,  dUtrlbutlng  Itaelt  In  a  regular  layer 
on  top  ot  the  material  already  In  the  furnace 
and  reaching  to  within  a  tew  feet  of  the  bot- 
tom ot  the  bell.  As  the  upper  bell  Is  now  held 
up  aealnst  the  bottom  ot  the  upper  hopper, 
there  U  never  a  direct  opening  from  the  In* 
terior  ol  the  blast  lurnace  to  the  outer  air. 
so  that  the  eacape  ot  gas.  resulting  tormerlr 
In  the  long  flame  rising  from  the  top  of  the 
blast  furnace  whenevor  material  was  dropped 
Into  the  Interior,  no  longer  occurs  at  our  mod- 
ern plants. 

This  In  not  the  only  means  of  handling  Iha 
raw  material  for  the  blast  turnaoe,  but  the 
deecrlptlon  given  herelotore  is  Illustrative  of 
the  general  principles  ot  labor-saving  hand- 
IIde  Id  connection  with  charging  the  blast 
furnace. 

The  Blast  Furnace  aud  Accesaorlea. — The 
blast  furnace  itaelt  consists  of  a  UII  cylindri- 
cal stack  lined  with  an  acid  (Bitlcioua)  retrae- 
tory  firebrick.  The  honrth  or  crucible  la  the 
straight  portion  occupying  the  lower  8  ft.  of 
ibe  furnace.  Above  that  exlends  the  widen- 
ing iKirtlon,  called  the  boah,  which  reacAea 
to  that  portion  ot  the  furnace  having  the 
greatest  diameter.  The  atack  oxtendB  through- 
out the  remainder  ot  the  fncnace.  from  the 
bosh  to  the  throat.  The  brickwork  ot  the 
hearth  is  cooled  by  causing  water  to  trickle 
over  the  ootalde  surtac*. 

Tuyeres. — Through  the  lining  of  the  fur- 
nace. Just  at  the  top  ot  the  hvarih.  extend  Ibe 
tu.veres — eight  to  sixteen  pipes  having  aa  la- 
ternal  diameter  of  4  to  7  las.,  through  whldi 
hot  blaal  Is  supplied.  The  "tuyere  notches." 
or    openlUfn    through    which    the    tuyrrr   pipea  . 
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ester,  as  well  aa  the  ciiTerea  clifflnaelves,  are 
sarrounded  by  liollow  bronze  rin^  sec  in  zhA 
brickwork,  throusb  wtiicii  cold  water  ia  coa- 
staatly  dowln^  co  protect  ckem  firam.  beins 
melted  off  at  ihe  inner  ends.  Tlie  naznber 
and  3ize  at  eke  tayerea  are  regulaced  in  gro- 
portion  to  the  diameter  of  tke  beardi,  the 
volume  and  pressure  of  tke  biaat,  etc  ^o  tkat 
the  velocity  of  'ke  biaac  akall  distribute  it  aa 
evenly  aa  possible  to  tke  very  center  of  tke 
furnace. 

Discharq^e  Holes. — On  tke  aide  of  the  -!ir- 
nace,  and  :«0  'o  4<)  ins.  beiow  tke  level  of  tke 
tuyer*?a,  'he  "(binder  notck'  or  "monkey"  :a 
situated.  This  is  protected  by  a  water-cooled 
casting;,  and  ~he  hole  ia  f^iosed  by  an  iron  pLU;r, 
or  hoTt.  In  -.be  front,  or  jr^saat.  at  the  very 
bottom  level  of  rhe  cnicibie  ia  the  iron  tap- 
hole,  from  ■▼hlrh  ail  :he  liquid  contents  of 
the  fiimace  can  be  completely  drained.  Thia 
ia  a  larace  hole  in  che  brickwork,  and  Is  closed 
with  several  bails  of  ciay. 

The  Bosh. — The  hottest  part  of  the  f umai  •? 
la  near  the  tuyeres  and  for  a  few  f»iet  above 
them.  In  order  to  protect  the  brick  work  of 
the  oosu  from  this  heat  a  number  of  hollow 
WAdafe-shaped  ca^itinqa  are  placed  th^ereia, 
throuark  which  cold  water  circulates.  Th-t 
brlclcwork  is  furthermore  protected  by  a  de- 
poRlUon  of  a  layer  of  carbon,  similar  10  lamp 
black,  on  its  inremai  surface,  covered  by  a 
layer  of  a  sort  of  alajj,  replacing  part  of  tii-i 
brickwork.  This  deposition  of  carbon  comes 
about  through  the  reaction  of  the  fumaoe  op- 
eration itself.  For  the  correct  cond;ict  of  tiie 
smelter  operation,  and  especially  for  the  car- 
rying; off  of  the  sulphur  in  the  a  la;?,  it  is  necea- 
•ary  that  a  very  powerful  reduction  inJuence 
must  exist;  this  reducinr;  influence  ia  produced 
by  an  excess  of  coke  and  one  of  lr.3  results  is 
the  precipitation  of  flnely  divided  carbon  on 
the  Internal  walla  of  'he  furnace.  I-  ia  ■  hia  thin 
layer  of  .nlaaf  and  ^arnon  which  ia  most  effec- 
tive In  protecting  the  acid  liaia?  of  rhe  fur- 
nace from    the   corrosive   action   of   th'i   basic 

Blase. 

The  ail-  for  amei-in:?  :s  driven  into  :iie  fur- 
nace by  biowln:?  •=:a:r:ne3  15  to  '2,Z*)'}  HP. 
each,  and  capaiin-';  of  compr*=rS3in,?  o').'j'»')  to 
65.000  cu.  ft.  '  l,<7.i  lbs. »  of  free  air  p»:r  min- 
ntA  to  a  pr«rHS«ire  of  13  to  J*j  lbs.  per  sq,  in., 
which  i.i  about  wha'.  one  furnace  r':«;-iire-.  I: 
actually  requires  abo-it  four  •')  fr-'e  '.oc.s  oi  air 
for  each  fon  of  Iron  prod  :c«-d  in  'ii^i  f  :rr.ac*if. 
After  loavln:?  '.he  'jn-rin^^s  and  before  coming 
to  the  furnace  the  air  U  heat-id  to  d  -.emper- 
ature  of  %00  to  1.200'  F.  by  being  ma^ie  Lo 
pass  throuj?h  the  hot-blaat  stoves. 


Hoc  Blast  Stoves. — Elack  fomace  ia  con- 
nected wltk  four  stoves.  Tkese  are  cylindri- 
cal tanks  of  steel  aaaut  IV)  ft.  high  and  22 
ft.  in  diameter,  containing  two  firebrick  ckam- 
bers.  One  of  tkese  chambers  is  open  and  tke 
other  ia  Hied  wltk  a  number  of  small  lines. 
Gaa  and  air  are  receivetl  in  tke  bottom  of  the 
open  'ihamber.  in  whlck  tkey  bum  and  rise. 
They  tken  paaa  downward  tkrongk  tke  several 
flues,  in  tke  iinnu^r  chamber  snrrounding  the 
open  chamber,  and  ac  the  bottom  pass  out 
to  tke  chimney  aa  waste  products.  In  passing 
through  the  itove  r.key  give  up  tke  greater 
part  of  tkeii-  heau  to  tke  brickwork.  After 
tkia  phaae  ia  ended  the  stove  ia  ready  ~o  heat 
the  blast.  The  biaat  from  tke  blowing  en- 
gine enters  ac  the  bottom  of  the  dues,  passes 
up  through  tlie  outer  «:hamber.  down  tkrongk 
the  central  chamber  and  :o  the  furnace.  In 
this  pa:£sa;;e  :t  tuk'is  up  oie  heat  left  in  the 
brickwork  by  ".he  burning  .jaa  and  air.  Some- 
times there  are  ihre^  paaaes.  inatead  of  two, 
aa  described.  In  a  biaat-f-imace  plant  one 
stove  ia  heating  the  blaat  while  tke  other 
three  are  similtaneousiy  in  the  preparation 
stage,  burning  gaa  and  air.  By  changing  once 
an  hour  a  pretty  regular  blast  temperature  is 
maintained.  The  gaa  used  for  the  heating  is 
the  waste  gaa  from  the  biaat  furnace  Itself, 
which  amounts  to  about  J*), 000  cu.  ft.  per 
minute  at  a  temperature  of  130'  F..  and  has  a 
calorific  power  of  about  S5  to  95  B.  T.  U.  per 
cu.  ft.  The  latent  and  available  heat  of  this 
gaa  is  equivalent  :o  approximately  50'^.-  of  that 
of  the  fuel  charged  into  the  furnace.  Only 
about  30.000  cu.  ft.,  or  one-third  of  this  gas. 
is  needed  for  keeping  the  stoves  hot  and  the 
remaining  two-thirds  is  used  to  produce  pow- 
er. If  the  stoves  become  clogged  with  dust,  a 
larger  amount  of  gaa  ia  required  to  keep  up 
the  temperature. 

Power  from  Waste  Gaa. — The  waste  gas 
comes  down  the  down-comer,  settles  out  dirt  in 
the  dust-catcher  and  is  then  led  to  the  stoves 
or  the  power  :?roducer.  This  gaa  varies  in 
composition.  ':i:  will  averavce  about  <)1  t,  nitro- 
gen. 10'~  tj  17'.  CO,  and  22-7-  to  2  7*1-  CO. 
The  lai'-fr  :an  be  burned  with  air  to  produce 
hear.  If  'j::rn'.'il  under  boilers,  the  available 
?as  wi;;  s'.'neriL-e  enou:?h  power  to  operate  the 
blo'\-lng  enislnes.  hoisting  mechanism,  and 
o";:er  n:a.':hin-rry  'ised  in  connection  with  the 
firna*:e.  A:  several  planes  rhe  a:a3  available 
fcr  ::'0'.v»er  is  olfi-aned  ourefuliy  and  utilized  in 
sa<  vn-:i*:ios.  'a- lie  re  by  much  more  power  Is  ob- 
tained, tr.e  e.v.ess  over  that  necessary  to  fur- 
nish blast  an  1  -he  mechanical  requirements 
of   tbe    furnace    ^ein^;    usually    converted    into 
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uid    Uknamllted    i 


more    dUUnt 


;   PncUco  and    Products. — The  (ur- 

la   flIlMl    wltli   Kiternnte   layem   of   luel, 

t  mat  at«.  down  to  tbe  top  ol  the  emelUitg 

T1i«  «i«ct  location  o(  this  (one  will  be 

ndmi   npun   tho   roluroe   and    preasiire   o[ 

Wt,  alH  of  furnace,  character  of  slag  made, 

but   will   extend   from    the    level   of    the 

I  to   a   f«w    Idet   above   tbom;    that   is. 

Ml  la  th*  top  of  the  boah.     It  will  require 

I  IB  hoars  for  the  material  to  deacend 

I  tbe  top  of  tbe  furnace   to  th«  mneltluB 

Dnrlitc  tbls  deecent.  It  la  upheld  partly 

•  rcalstmacA  of  tbe  upward   ruthlng  col- 

I  of  hot  gSMa,  parti;  by  Its  friction  against 

I  of  ibe   furoace,   and   partly   by    the 

I  eotnnn   of  cohe  which   pxiends  through 

;  tone  and   to  tbe   bottom   of  the 

■  SBd  which  alooe  reslstii  melting  In  the 

Mt  of  ihle  lone.     The  blast,  entering 

r  fMnuc*  through   tbe  tureres,   conslsta   of 

,  br  weight  of  oirsen.  TT%  by   weight  of 

together   with  varying   amounts  of 

r  •npOT  from  moisture  la  the  air. 

CHEiilCAIi  REACTIONS. 
WVvv*'  Levels. — Ah  aoun  as  the  Iron  ore  en- 
»  lop  ot  the  rurnaco.  two  reactions  be- 
I  W  Uk«  pUcv  belwcvD  It  and  tbe  uec«nd- 
CUm: 

(1)   iFmfl.  +  «C0  =»  7CO,  *■  4Fe  f  C. 
<t)   ITtfi,  f  CO  >c  SPeO  f  Po,0,  +  COr 

^K^TbeM    reactions    continue    with    Increnslog 

^^■pMltr  ■■  the  material  becomes  hotter.     Tbe 

^^■jbon  (onn*<t  hy   reaction    1 1 )    deposits  In  a 

^Hbv  alinllar  to  lamp-black  on  chn  outalde  and 

te  tbe  UltcratlcM  of  the  or*.     This  reaction  Is, 

kow«**r.  opposed  by  two  reactions  with  rar- 

bos  41oUde  gaa: 

(S>   Fe  t  CO,  =  FeO  f  CO: 
(4>   C  t  CO,  ^  ZCO. 

B—rtkre    (3>    begins   at   a   temperature   oC 

Kt  S7&'  F.  whli-h  la  met  with  about  3  or  t 
rfow  the  top  l«*nl  of  tbe  stock,  and  1 1 ) 
ti  at  about  1.000*  r,  or  20  ft.  telow  the 
.  line.  Reaction  < « )  Is  so  rapid  that  the 
ilikni  of  carbon  ceases  at  a  temperature 
IW. 
I  Uw  way  down  the  ore  la  ronatantly  los- 
!■(  ■  pn^ortlon  of  Its  oxygvn  to  Ihc  gaees.  At 
Udwr  temperaturea  than  1.100'  F..  FeO  la 
■tabte  and  practically  all  of  the  Fc,0„  (or  F«. 
O,  It  nw<n«tlte  la  being  amelied),  baa  been  ce- 
*mt»4.  At  tJO«-  P.  Kilid  carbon  begins  to 
VWX      PrMtlrally   all   Ut«    Iron   Is   re- 


duced to  a  spongy  metallic  form  by  tba  tUna 
the  temperature  of  l,4Tu'  Is  reached.  Tbla  Is 
about  4S  ft.  from  the  atock  line  and  leas  than 
30  ft.  above  the  tuyeres.  At  Uli'  F.  the 
llmesluno  begins  to  be  decomposed  by  tbe 
beat,  and  only  CaO  comns  to  tho  smalUnK 
xone.  It  Is  uol  supposed  that  theae  Bgurca 
are  exactly  correct  tor  the  different  leiels,  and 
H  Is  probable  that  Ebey  ehoAse  from  day  to 
day  and  from  turnaco  to  furnace.  It  will  be 
seen  that  the  upper  1^  or  ZO  ft.  or  the  atock 
Is  a  region  of  Fe,U,  anil  Fe,0„  gradually  be- 
Ing  converted  to  FoO  by  CO  gas,  and  forming 
quantities  of  CO,  gas.  It  those  reaitlona  ara 
the  only  ones,  the  top  guaea  would  contain  so 
CO.  and  have  no  calorlHc  power,  bnt  reaction 
(1)  produces  both  metallic  Iron  and  carbon, 
both  of  which  reduce  CO,  and  waste  much 
energy  aa  fur  as  tbe  blast  furnace  la  con- 
cerned. Thus  (3)  Pe  +  CO,  ^  FeO  ,  CO.  ab- 
sorbs 2,310  calorlea,  but  waMva  6S,D40  calo- 
ries, while  (!)  C  +  CO.  <=  ICO,  absorbs  3S,SS0 
calories. 

From  30  to  3S  ft.  below  the  stock  line  la 
the  region  of  FoO.  gradually  being  converted 
to  metallic  Iron  sponge  by  carbon.  On  tba 
lower  level  of  this  tone  tbe  limestone  loaee  tta 
CO,  which  Joins  ihe  other  furnace  gaifea.  Prom 
35  tt.  down  to  the  smelting  tone  Is  the  region 
o(  metallic  Iroa.  Tlits  eponn'  troo  ti  Improf- 
naiad  with  deposited  carbon  which  probably 
to  some  extent  soaks  Into  It  and  dissolves.  In 
a  manner  like  In  nature,  but  not  In  degree,  to 
tbe  way  Ink  soaks  Into  blotting  paper.  This 
carburlxaUon  of  the  Iron  reduces  Us  melting 
point  and  causes  It  to  bncnmo  liquid  at  a  higb* 
er  point  nhove  the   tuyeres  iban  It  otborwlM 

On  reaching  the  smelling  tone  the  Iron 
melta  and  trickles  quickly  down  over  the  col- 
umn of  coke,  tram  which  It  completes  Its  sat- 
uration with  carbon.  At  a  corresponding 
point  the  lime  unites  with  the  coke  ash  and 
Impurities  In  the  Iron  ore,  forming  a  fusible 
slag  which  also  trickles  down  and  collects  in 
the  hearth.  It  Is  during  this  transit  that  the 
different  Impurlllea  are  reduced  by  th»  carbon, 
and  tho  extent  of  this  reduction  delermlnea 
the  characteristics  of  the  pig  Iron,  tor  In  Ihla 
operation,  as  in  nil  smelting,  reduced  elements 
are  dissolved  by  the  metal  while  those  in  tba 
oildlted  form  are  disaolved  by  the  slsg.  Onir 
one  exception  occurs:  namely,  that  Iron  will 
dissolve  Its  own  sulphide.  PeS.  and.  to  a  teaa 
extent,  that  of  manganeee,  MnS,  but  not  that 
of  other  metala  aa,  for  Instanc*,  CaS. 

Smelting  Zone. — There  Is  nlway*  a  larg* 
amount  of  silica  present  In  tbe  coke  ash  and 
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iaoma  of  this  U  reduced  according  to  the  re- 
acuou: 

SiO,  -  ::C  -Si  -  2CO. 

Tie  exianr.  of  this  n?a*;tioiL  will  depend  on 

'-iie    length    o£    time    the    iron    takes    to    drop 

:hrou5h    the    smelting    ione,    the    relative    in- 

tenr?i':'  o£  Che  red'iciniC  inlluence  and  the  avid- 

I'y    -vi-.a    which   the   slag   takes   up   silica.      A 

iiii-4    Tvith    a   high   meltin^;?    poin:     will    trickl-* 

ai'igjrishJy    la rough     :he    smelling    ^one.    and 

i:a'ifte   'he    iron    :o   d^j   :he    same    :o   some   ex- 

"enr.    this   g:vtag   ::   more   chance    to   take   up 

silicon.     A  higher  :eni:?era:-ire  in  ".he  smelting 

zone.    TFLiHih    :ncr»eas»^s    disproporiiionately    the 

aTidit:'   jt  i.'ar'^jri  r-jr  oxyg'-n.  will  promote  the 

r^diimon  ot  sil-i-a.     'A'^  i.-an  prod'i'.e  this  high- 

•ir   :**miJ*?ra"ir4    ly   ^!i:j plying   nof.er   biast.      A 

Iarg*;r     Tpjoorrion    >jt     :oke     lo     "r)firden      wii; 

''!"'. :i»^r    pnjmor.'i    '.ais    r^ii«:rioQ.     because    this 

nuf.   jn;:'  :ncrea-"tes  "he  imoiia"  *2t  '.he  reducing 

agear.     ju'-    aiJi^j    r^iises    :he    ".emperature.    and 

*her»jfor*?   :af    .-heniitra-   a»:':v!ty    of   'his  agen:. 

Thua    'ne     i^ja-:    "Jas    ")orh    a    physical    and    a 

':h«mn:-jl    :n.1'i«n«.^f    :n    :acrvas:ng   "he   in'.ensi';- 

•ir    'hh!    rfdu»:*::un    m    '.ia*;    smei'ing    ione.       -X 

lasic    -iiag.     le^.aijse    ot    I's    avidi*:     ror    si:ica. 

Tr:il    jppijs*r  *h»r  .■••rdi«.':on    jr   ?L:<:a.    md  is  on** 

}{   rh*?   irni'.pal    ni^raas    jt  aiaking   .O'^'   silicon 

iiK  ir'jQ.    rhis  :s   :n   ^pi'r    jt   '.be   r'ai.":  ".na":  the 

i}SLsU-    i.a;iij   ir«?    Tiiggisc.    iad   'iiTfriore  '.rii.kie 

"iio^v;-    "ar'j'igh    'a»r    :?ai*r;*:ng    sone.    '.nis    ex- 

poiiting  'h*?   ■j;li<-a  >jng»irr  'u   .-•^i'lcag   -.ai-ieuie. 

and    Xiini    :ni:r*:asing    "a*?    ".empera'.'ire    -jl    'iie 

mar^^r.ais  :n  :ais  ion*:  "J.'  -.a  isiag  '.hem  "u 

paat  'iir'uigh  :r   aior«r   t.ov!:-    lad  j  jsoro   ruon^ 

hear.    in«l    ■  J       ■)'■'    .'■*;»i':«.!ng    '.he    !*r^.»ri    jt    'ii-' 

.4m>f!t:ng    .:on»?    a*?ar.:-    '-j    ':i»=    "ly^r-rs.    '*'a;i:!i 

oonriatrs  *.a*r  inf'rn?*;  '-aiper'i"ir'r  '.0  ".ae  >ina!  - 

-r    ii"*?a.     )r.    ;n    oca*?-*     ^'jcirt.     ii.Tiinishes    '.i\^ 

pa.s^az«r    Jt   a*?ar    ipwir-i. 

"he  ■'  "i^  '-■  :s  T^-"'  :  a  ■ "!'-  :oi-'.]i  Ji  ii'-jii 
aion«j-:i::i)ti:'i^.  ^'•?:^■  i-^-'i  'i^-"  .'  -i  -l^  -"^'11  Jt 
:r'in  'i^'r:'»-frT.  r"-:S.,  "V':!'.-.!  ■ja*r>  juk-  icoiii  ■-»; 
^siiPiiur  a»rii*  *:i^i  "00  jI  .1-:  -^i'j* -<  laa  ■)r«.«Ji!itrs 
F'^rr.    "v:::«  a    "^".^l     iisjhji'  t    •.ri    '>-'r      ""'.'ii     lii-.-isi 


■  •i» 


:  I  :> 


■:'lll"'r-r'«r:'i     ''I      ■sii.T'Lli'l-'       H         -i:'   .  ii  Hi.      '.  '•..■>. 


7..-i   .    ;^o  -    : 


'• ' 


n-     :::?     Jci^-^s     :-■■    ■:!•:    -^i^::;      i^i"       ■■       "•'■« 

,  ,-.  ■  ri  I"    I  ■*         ..  ■-  ■••.'.  I.  •.»        ^    .  .  1.-  ■      r* 


Che  common  observation  that  iron  high  in  sili- 
con is  liable  to  be  Lot  in  sulphur.  Indeed 
this  relation  Ls  so  constant  as  almost  to  be  a 
rule.       There    are    two    exceptions,    however: 

•  1 »  Increasing  the  proportion  of  coke  has  a 
doubly  strong  inSuence  in  putting  silicon  in 
the  iron;  as  regards  salphur.  on  the  other 
hand.  1:  has  a  ?elf-contradi':tory  effect:  'oy  in- 
creasing the  amount  of  sulphur  in  the  charge 
i:  tends  to  increase  it  in  tiie  iron,  which  is 
partly  or  wto-'.y  coun:erai-ted  by  its  effect  in 
the  above  reaction.  '  -  ■  A  basic  slag  may  hold 
silicon  from  'he  iron,  and  it  also  holds  sul- 
ph-:r  from  the  iron  by  di-ssi^Lving  CaS  more 
readily.  In  other  respects  the  condition^ 
wliich  make  'or  high  silicon  make  also  for  low 
sulphur.  Par''i*:u!ar!y  is  this  tr'ie  of  a  high 
t«::mperature  la  the  smelting  zone,  and  the 
rem:  aot  iron  '  has  come  to  be  synonymous 
ir  the  minds  of  blast-furnace  foremen  with 
iron  high  Ln  silicon  and  low  in  sulphur. 

Manganese  is  reduced  by  the  following  re- 
av:'':on: 

MaO.  -  2C    -  Ma   -  :lCO. 

The  aaiouat  of  maagunese  in  the  iron  is  de- 
petideut.  to  a  ..errain  extent,  upon  the  char- 
a<:t^r  of  the  ores  c barged.  '3ut  it  may  be  con- 
trol, ed  somewiiat  ly  tbe  character  of  slag 
aiade.  jecaise  J  a  aeid  slag  will  carry  a  large 
jaiouut  of  aiaagaaese  .iway  in  tae  form  of  sil- 
icate <ji  :uaagaaese.  Ma  SiO- 

\\':''n  a  v.er'.a:n  laiaipor.aat  ijualiJication. 
tile  aaiouar  of  vhospiions  :a  the  iron  is  con- 
t:-oIled  );■  'iie  -•aa^act^•^  .u  'iie  ores  charged, 
.lad  J:si:"!».'.s  -jr  .ounrr'.^'s  having  high-phos- 
:jhoi*us  jrvs  '  11  use  aiak'.»  li:j:a- phosphorus  irons. 
rh:s  :s  ao*"  a  a  lasuperal.^ie  objection,  because 
•'iv  :.»reserK'e  .'i  :.»iiospaoi-us.  ~»vMa  up  to  lot:. 
'.>i  dt:^i;>:'d  Ti  .er^aai  :r^)ns  for  foundry  use. 
.•.:ii:  'ill.'  jasii-  :ipji."ess»^s  tor  aialcng  steei  can 
.•-.  riiu*'  ■.i:>i  -.'it:'iiieuf . 

'*'U'  -.'If  ;ti;v ,'.  "nrl'ieinv  ■»■  at.*  "jiasr  furnace 
-^  .1  ^;  v»:i:;  :  •t-dMciiii;  iiif  ind  tais  is  pro- 
''uMi  "ii  .»i'i».  I"  'ii^i  '»  >d'n>.»  'he  iron  from 
■  It;   jiv    >t«vin;.  ■'?  ^v-    ■ -d  -u  ■  liH  salphur.  and 

•  ^.>:.   .».'  >*i    .:  I  '      u"    i"ii    will     aroon.      Man> 
.1  '-.ii. ;■<.''     \.i'-      >v.iii    ■i:.iii»     ' t.i    *jr'»viii^    j    pro- 

•.ro  '*  V.  .►.iM  ■  !•■  -vi-tiiijfc;  '.uiueuce  was  not 
^1.'  ''■  •'.'.-.  i:i'L  !  .>  '1  'I'lviuie  .1  purer  ma- 
'•  .! .  -MM  'i-  ■•Ml.  *..i.ii:x  'r  -.s  -.he  iaten- 
-.".     ,■;    ■  :K-    •-•:•.•     ".;     \  ?.\-i    ■■  iTia'.vs   the    iron 

*  •  '      •.:  ■^«.;i    :     ;   ^-  "■.■.■        ''*^*'    .;i>\tt    ^v^alia^ws 

■«  .\-\     '  "v  s>?."»,     '.1  •*»%  "v-M-     '.s    tha"    the^ 
i«'     -.v  L     .,♦:      ■  ••.  •■      -  .  \'.\:i\-     ^\'•lil.■^l    :s    rt^^ 

:lv.'5^.     -Iv.  V   A  .:  •  'r     ■'•■:•;;   ■';     ' -"iac    iroii    :s   lia- 
■' t    ■•!     •':..;i.:i      ..id    a!^..  ■:     >   -un.   sai'.sfactori'.y 

*  .'.'•'.c     »■    .•  .      ■'.■K'>C'    '..r*^!-   '.»i!\e    :r    aiakes 
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Ittf  way  Into  the  iron.  Finally,  to  saturate  the 
Iron  with  (-arbon  rondors  the  blast-furnace  op- 
eration vfry  nrirh  <h«'aper,  because  pure  iron 
n.«-lf-i  at  a  t#»mp*Tatnr«'  much  higher  than  can 


readily  be  obtained  In  the  furnace  and  melted 
iron  is  handled  much  more  cheaply  than  it 
could  be  if  allowed  to  wolidify.  Even  th« 
proHence  of  silicon  is  an  advantage. 


SOLAR  ENERGY  AND  TEMPERATURE 


KKOM    THK    •KLEC'TRICAL    WOULD    ' 


In  th«»  last  niinib«>r  of  the  "Physital  Re- 
%it-»  '  Mr.  \V.  \V.  Cobh'nlz  contributes  an  ar- 
tu  le  u|>on  solur  radiation,  which  sums  up  what 
has  r«Hi'UTly  bt'en  ascertained  concerning  the 
(•ri»tt3l»1i*  temporal  lire  of  the  sun  and  moon. 
It  app**ars  that  the  radiation  power  of  the 
p-.in.  at  the  .<iirfa(e  of  the  earth,  amounts  to 
aliout  1.7  3  K\V.  per  square  meter  of  perpen- 
duularly  ex(KJsed  earth-surface.  Of  this,  the 
books  tell  us  about  one-quarter  is  al.sorbed  in 
the  air.  when  the  sun  is  at  its  zenith,  or  get- 
ting in  his  best  work;  so  that  what  roaches 
the  earth  when  the  sun  is  overhead  is,  say, 
about  1.0  K\V.  \HiV  square  meter.  In  the  tem- 
I"»-rate  zones,  where  the  sun  is  never  vertically 
overhead,  the  layer  of  air  past-ed  through  by 
thf  sun's  rays  is  thicker  and  the  absorption 
rons<*quently  greater,  especially  in  early  morn- 
ins  and  late  evening,  ^o  that  a  square  meter 
of  fturface  kept  facing  the  sun  all  day  long 
during  a  clear  summer  day  might  only  receive 
an  average  radiation  power  of  about  0.5  K\V. 
Of  course,  the  square  meter  would  retted  away 
a  large  proportion  of  this  power,  if  its  sur- 
far*-  were  of  polished  metal,  and  even  a  dull 
black  surface,  like  that  of  plumbago,  would 
di*'Si|Mi(e  convert ively  the  heat  which  it  re- 
r«-iv«Hl.  so  that  it  is  very  hard  to  catch  and 
ti'iliie  this  radiated  solar  power.  Neverthe- 
■«r**.  if  we  could  employ  this  power  practically 
and  conveniently,  we  should  obtain  an  im- 
H'^n^e  benefit.  Thus,  allowing  that  the  noon- 
da  v  solar  power  on  a  bright  day  was  I  KW. 
(wr  square  meter  of  perpendicularly  exposed 
f'lrface.  we  should  only  have  to  expose  a  sur- 
f.ire  of  10  meters  square  in  order  to  receive 
.»•"  KW..  and  If  an  efficiency  of  50rr  were  im- 
artned  in  the  apparatus,  we  would  be  able  to 
d-\*'Top  50  KW.  during  the  brightest  part  of 
th«^  dajr  from  a  disk  about  37  ft.  in  diameter. 

The  only  solar  engine  which  has  yet  been 
r.ad«»  aticcessful  Is  the  waterfall.  A  fraction 
^    the    solar    radiation    energy    reaching    the 


surface  of  the  earth  is  exiK'nded  in  convert- 
ing surface  ocean-water  into  steam  or  water- 
vapor  and  in  raising  that  steam  to  an  eleva- 
tion among  the  clouds.  Part  of  this  energy 
is  released  in  rainfall,  and  only  an  insignifl- 
cently  small  fraction  of  the  rainfall  o<curs  on 
elevated  land  in  such  a  manner  that  a  water- 
fall can  be  made  available.  There  is  at  least 
one  other  type  of  solar  engine  possible,  and 
that  is  a  surface  of  chemical  substame  ex- 
posed to  solar  ladiation  and  capable  of  Icins 
chemically  transformed  to  a  stable  substance 
which  will  subsequently  give  up  its  energy  for 
consumption.  \  grass  meadow  supporting 
horses  is  a  crude  form  of  such  a  machine.  A 
small  fraction  of  the  incident  solar  energy  ia 
uwfully  absorbed  by  the  chlorophyll  in  the 
grasses,  permitting  them  to  build  up  a  hydro- 
carbon structure  from  an  environment  of  gas- 
eous water  and  carbon-dioxide.  The  horseit 
consume  and  assimilate  the  grass,  and  eath  \a. 
capable  of  delivering  a  few  kilowatt-hours  a 
day  of  solar  energy  —  an  infinitesimal  fraction 
of  the  total  solar  energy  incident  on  the 
meadow.  It  might  t>e  possible  to  find  a  chem- 
ical substance  much  superior  to  chlorophyll 
as  a  recipient  or  storage  material,  and  capable 
of  releasing  its  energy  in  an  electrical  way. 
The  paper  shows  that  the  surface  temperature 
of  the  sun  works  out  about  .'>.HSO'  absolute 
of  r>.T07  '  (V.  each  square  meter  of  solar  sur- 
face liberating  apparently  t'iT.t>00  KW.  or  not 
far  from  Umi.uuo  HI*.  The  eflfective  temper- 
ature of  the  moon  on  the  side  facing  the  sun 
appears  to  be  al>out  $2"  C.  This  shows  how 
small  a  share  of  incident  radiation  energy  a 
reflector  can  claim  as  commission  for  its  duty. 
The  moon  is  supposed  to  have  little  else  to  do, 
from  a  human  utility  standpoint,  than  to  re- 
tU^t  radiation.  She  constantly  receives  a 
large  total  amount  of  radiation  power,  but  is 
not  able  to  raise  her  surface*  temperature 
thereby  beyond  about  10«»'  (\ 


ALUMINUM  COILS* 

By  FELfX  SINGER 

A  ^f^.v  f«i/«'»H/»P  \ti/**ht\or§  huff  »f<T*rfj  r«^:^^'.lf  ftiiKiaazn    wire    increases    constanilj-    during 

ifn*t^tit*'ti  Iff  l-'Vrtf^iiiri/l,  wht^h,  owlficc  '/'  !♦«  Us^.h-  ii«r,  haii  proved  unfounded.     On  the  contrary, 

ttU'it  Mfi'l  ffin'f.riHi  H/|yHrifiiK«'>«,  rrt'i/  \/*9fotnH  Of  Mr.  J.   Parke,   reading  a  paper  some   months 

thtfihU'ffUit'    Uniittihntit*   Ut    fh<«   «'|<»''t.rif:;j|    In-  af{o  before  the  "Canadian  Electrical  Society," 

fl*'<'f*v'  fttated  that  according  to  American  experience 

lUt,    wf>M  Uiiitwu    t'Miii'trtv    of   fi  I  urn  In  urn    to  the  durability  of  an  overhead  line  of  alumi- 

f«Mi  fitfiti  Mi</f«tf.f|  wlih  M  hivi»r  Iff  o«l/Ui,  *iv«!n  at  num   wires  was  greater  than   that   of   one  of 

hnUh'uv  ♦♦•Mi|ii»rMhiii-q,  whl*h.  iiMh/HiKh  hiinlly  copper  wires. 

fiHiii  i.tiMi.   tirri.fti  iitM  h  II  MtnlMiiiiiMi  to  till'  «'!«■*:-  Owing  to  the  low  conductivity  of  aluminum 

itti-    iMiti.tit     flint     M     |ifi(iin(liil    ilirr«M-<iiir-(i    of  (which  bears  a  ratio  to  that  of  copper  wire  of 

mIimiii  0  ;,   Will   III  ii>i|iihi<il  III  iMibT  to  liii'iik  it  1:1.7),  the  question  as  to  the  space  required 

MnwM     I.!    iii.iiir,    Miili#itii    Mil    iirrot-(liiiii-n    wHli  in  usIng  uluminum  wire  is  of  the  greatest  im- 

H»».  ifitiM I- iHt.iiiiiiiii.il  iiMhMil  of  II  Unt'iiiiin  I'li'C-  portiinoo,    especially    for    the    construction    of 

liit'litM    i\h     iiiilii*ii   itii|iri«li  I   fill   wliiilliiK  iiiiiK'  i*l(*('trical     machines.      Calculations     made     in 

«*ii   I  lilt. «    ••MJKtiiiiil'i.  ii|i<  ,   ^iiii   tiitrn  iiluinhiiini  (IiIh  dlroctiou  have  shown  that  aluminum  wire 

♦ill"    Mil'  iiiMMi  Ml    nlilili   ImimIi  imuIi  iifliiir  lii  up   to  a   diameter  of   1.3 — 1.5   mm.   does  not 

lilt.  i«.OMi«  HfiiiMfi   'iM  II  iiin  \^iiii  woii*  MpiM'titlly  rr<piiri»    ii    greater    space    than    round    copper 

iM«:tii<Mi>ti      II   Im  iIi>-«i   iIimI  nith   llin  nliiHtn  liiy  wii'p  covorod   with  a  double   layer  of   silk   or 

i.*..  i>i    ■•Hill  .»   lull   mimmI   III  lift   luinitiiip.t   froiu  cotton,  in  splto  of  its  greater  volume. 

i>n  ii   •♦Hill    Im    iiiiri  ««ii<iliit(i»  Ih\««im.  in  \\\\\  pn  WluMi  calculating  aluminum  coils,  it  is  also 

(x-ioi.ti  iliMt'i.'Ui ,>  iii'i\M«i«u  Hn»  Miniu»  I'l  »\ioa(«M'  to  bo  luitod  that  tlio  temperature  coefficient  of 

ti«Mt  *i».»i   i««>u^iM>«t  M«H>o  I'Mi   tniuu  to!i|stauco    of    aluminum    is    only    0.36,    i.    e., 

Hi.kM  .-ui -0    ^\\\x\    \y%^\\\u.\\    ti*Mh>,    iuaU»^    b\  about    10  ,   loss  than  that  of  copper  wire.     Be- 

iii«M»iiii.u(      .^tiiUiM  oi.>  •      iini>     \\\\\\      pv^^NoU  sblori.   aUnuiuum   ivils   will   cool    down   better 

.»n. .*»,,..!    ,««it.  t    lUiMii  ■    Oif    \il\ -\io.u^i*i«  « lattuox)  than    c\Mls    of    insulated    copper    wire.      Many 

nt.   iM.  ii4NviititMi    \\-  lostN  ha\o  shown  thai,  in  order  to  attain  the 

v.i    i,ot*«<tiii    1*1    I x*.'»    oi     «\*    \o    .«0        a*  Niuuo  io!*.i;v*.at;;ro.  an  aluminum  coil  can  stand 

*   ^xi»»i  i»*.k»'M,.,<  »x»\«o»»   xxi»*''  .» •  \\\\\\  AW  x*\o:\\ui  ot  abou:  ii^\  more  than  a  copper 

1 * *  ^^'-^N*  vo:*   o:   ',V.x*   s^r.v.o  v;ivaci:y.      Considering 

V'       ^•••^    ^**    '    •"«      '      »'»   \\,'  .i^*  iV^-'^s'  '..^^vn    \v^o:v  vA\-u*.A:ir.ir  aluminum  coils, 

V       •         *     '»'    »'•' o**    :o  V-'*'    xw,,'.,,  .-^  .>     AS    vvni;\Ar\\i    with    that    of 

•  ^  ■           '   ^* ,    »  ,    %\  *\  .  ".  *  ,'v^N-   c    t    .  >'■>    **:f   :>^   i'-i—.iaum   coils,   to- 

^  - *v  ^,      «     ^    .^0     ?,v.r..>-<-,:>:::Ty  of  the   insu- 

\      •                .    ,x    .      .                                       ,•  . .  ,«       <»         .  ..x^^x  ^    J.  ^,   7r,>i«vv  an  aUera- 

*                     *            ^  V     X  »: ,-.  vs    -i.-c    c^-Tirrios.    motors, 

^      ^  '  *     '^   ^^'''    ■  .*  •  v*f  "I :  ;:t>«  vtV.  be  per- 

^'      ■■      '^  ■■   »■•    *-.    -  ■*.'    -v    ;>■*    V.-^miaum 

^  •-■  X  ..»■«-    !•:    ■.     Y«f  t:*;u.:  na=.ner, 

*     •■'•"•     "^'»     :i  .Vi'Ti'Ai:*:^  :ay- 
'■        *  *x    .  \  •      s^-  *i.i^-if   "iiTYcrs     not 

"      '  ■    '  -  N  :v    ,v   ,-^-    ,vai.TTu-i   lard 


» \ 


E  CEMENT. 

ihr  Mtd  vlndlDKi  by  1  or  E  mm.  on  ekch  sldt.  c«m  to  solder  ftlamlnum  wire,  to  that  for  eacb 

[t    ha*   bMD    abowD    tbfti   the   layer  of  oUde,  coll  k  alnsl*  wlra  bu  had  to  Im  UMd.    The  Iq- 

lortnlnc  Um  Inaulatlon  of  the  wire  lalumlnnin  ventor  has  aucce«ded  In  dovUtDg  a  simple  and 

oxlda    bvlng    nothlnc    elae    than    arKlllacaoaa  aafe  aolderlng  (weltltng)  prnc«sa  for  aluminum 

cartb.  I    e,,  lh«  mw  maierial  of  iiorcelaln)   la  wires.   In   wbtcli  a   direct  union  of  aluminum 

lorruLssd  by  tti«  action  of  dampneaa  upon  the  wtth    aluminum    will    bo    made    ( autosooous- 

coll   IB  racb  *  matuittr  thai  several  hundred  welding.)     No  special  app«nitus  are  necesMrr 

vnlu  arc  somvtlmM  rvqulrod  In  order  to  break  for   the   use   of    tbU  procosa:    ontj'  n   burnw 

down  tbe  iDSuUtlng  layer      II   appears  from  Dame  of  a':etyieDe,  loal.  spirit,  or  oxygen  gu, 

this  tbal  colls  us«d  In  the  open  air,  surb  as  and  a  fluid  for  the  purpose  of  dUsolrlng  the 

5el4  coils  for  electric  railway  or  rrauv  motors,  oxide  coattug,  that  la,  tor  the  reduction  ol  the 

cdls  of  Seld  telegraphs,  oin-tric  bells,  etc.,  are  nlumlna,  are  required. 

not  affected  by  the  dampDeas  of  thn  ulr  or  soil,  The  InveDlloD  la  the  property  of  a  German 

U   made  from  bare  aluminum   wire,   but  that  company  (Syndicate  for  Aluminum  Colls,  Ltd., 

SBCh  colla  win.  on  the  cootrary,  Improve  the  of  Berlin),   which   la  exploiting  Ihe  iDTentlon 

mot«  ihcy  aro  cxpospd  to  dampneu.  only  by  granting  licenses  for  Uie  use  of  the 

H       It  has  hitherto  provwl  to  be  a  dlfllcult  pro-  patent  rights  In  the  various  countries. 

'  WHITE  CEMENT  ♦ 

Nsmeroua   eiperlmenta  have  beeu   conduct-  SIO,    ,,..19.81% 

•d.    especially    during    the   past   three   or    four  Al.O,     11.49% 

ywarw,   both  on  this  ronilneni  aud  In  Europe.  ^lO,    tt.t7ft 

In   mDUKUoD   with   the   manufacture  of   white  CaO     CI.IOW 

emeBt.     The  reason  tor  this  Is  that,  In  spite  MgO 0.71% 

ot  llw  common  Portland  cement  being  un  ex-  SO,    1.89% 

dleiit    bulldliic    material    for    coarser    work.  ^.^^    ^„„t    ^„   ^„„^     ^„t    ,^   ^„„j 

s«ck  u  foundaUoos.  sidewalks,  etc..  It  is,  on  ^^^^^^  ^^^^^      „,    j^,,^,  Oresley.  president 

Keout  o(  lU  dBll  mr  color,  ol  leu  avill  tor  ^,  (^^  li«W«  eemenl  tdlU.  SwIUerlud.  hu 

artlrtlc   work.      The    cementipg    material    re-  ^^^ly^^    the    best    French    Roman    cemeoU. 

qel»4  for  (his  purpose  must  be  pure  white  and  „„j  ,^^  j^ese  aaslyses  he  Bgures  the  follow- 

weatherproof,  and  need  not  have,  as  a  rule.  ,„g  «iana„d  formula  for  his  cement: 

the  rtreogth  of  Portland  cement.      Plnster  of  ^    jj     ,p^0     ^^^     3,0,    ^    y[iCsO.    Al.OJ 
Parte  »ad  magDeala  remenls  have  been  uaed  ^  ,  [CaO    SO  ] 

to  eeaM  eweiil.  but  the  former  Is  not  weather-  ^^  f,^^  g^^  „  „^(  n«^«,'ry.  but  seems  to 

rroaC  Md  the  Utter  are  not  very  reliable.  ^,^^  ^^^   ^,^^^^  ^^^  ^„,„^      ^^^^  ^^^^^ 

n»  coloring  matter  In  Portland  cement  is  ^^„  „^  ^^^^  ^„„^j  ^„j„  jj,,  ^^„^  ^,  ..j,^ 

I  Of  IroD,  and  sometimes  oxide  of  man-  ^^^^  .. 

To  obum  a  while  color,  the  produ«  ^i,^.    f„i,„^,„,   „„,„.8,>   .hows   the    propoT- 

Mt  have  more  than  0.80  per  c«nt.  Fe.  ^^^^  ^j  d,,,  p^duct: 

With  this  UmltaUon  there  are  some  dlt-  Moisture    S.7B% 

Is   not    an   easy    matter   to   Hod  j>,q  ^^  tt% 

materials.      Even    It    the    lime-  ^,(J_  '.'..'...!!!.!!!!!  iieiliiot 

t  Is  easy  to  locate,  the  otny,  which   must  P    q  ^  ^ ^1 

I  chl&a  day.  Is  •carce,  and   when   found   Is  CaO*     ..*.*.....!!  !i  !b*!69» 

tvly   to  be   rather  expensive.      Then,   agnln,  jl^   "'!*"!!   oifiS% 

t  nOzture    low    In    Fe,0,    requires    very    high  gp  "    """^^."1!,'   6!ll% 

__,  therefore,  hard  to  bum. 

SosM  Ol    the  experimenters    have    tried    to  Specific  graTlly  =- 1.815. 

i^t»t^   whlU  PortUnd   rnmont,    and   others  to  The  cement  Is  sound,  and  ground  Bne.  but 

Bufce  white  Roman  cement.     Both  have  »uc-  *■  1"'ck   setting.     Any  kind  of  work  will  be 

riailri!       There  are   now    factories    for    white  ti»flened  enough   to  release   from    Its  mould 

POTtlud  eeoent  In  the  United  States  and  Oer-  '"  '"•>  houre.  or  even  sooner. 
■MV-     T^  following  analysis  Is  ol  a  sample  This   cement    poeeeesea    an    advantAge   over 

tr«ai  auttli    Oennaoy:  **>*  white  Portland  cement  In  that  when  tt  la 

_^  Strom  enough  tor  the  purpose  required  It  le 

,  a.  tMMe,,  c  E..  la  ih.  ■cn.ai.n  c-o.nt  »4  easier  to  bum  and  Cheeper  to  manufiwturei. 


NOTES  ON  SCIENCE  AND  ENGINEERING 


FROM  ALL  SOURCES 


fioron  Steel  contains  boron  in  tlie  form  of 
an  iron  borocarbide.  This  borocarbide,  wliich 
renders  the  steel  very  brittle,  passes  into  so- 
lution when  the  metal  is  tempered  at  SSC  C, 
provided  that  the  boron  content  is  low,  but 
a  portion  remains  undissolved  when  the 
amount  of  this  element  present  is  around 
0.8%. 


Adhe»ioii    Between    Concrete    and    Steel.-^ 

Tests  recently  made  in  Germany  by  Dr.  O. 
Meyer,  and  reported  in  the  *'Oesterr.  Wochen- 
schrift  fuer  den  Oeffentlichen  Baudienst/' 
show  that  the  average  slipping  resistance  be- 
tween steel  bars  (with  the  skin  as  it  comes 
from  the  rolling  mill)  and  concrete  is  about 
650  lbs.  per  sq.  in.  of  surface.  The  average 
resistance  for  turned  or  otherwise  smoothed 
bars  is  about  233  lbs.  per  sq.  in. 


Formnla  for  Calcnlating  the  Calorific  Value 
of  Fnels. — According  to  M.  Lenoble,  a  simpli- 
fied form  of  Goutal's  formula  which  gives  suf- 
ficiently reliable  rough  working  results  is: 
p  =  87.4  (100 — k),  where  P  is  the  calorific 
value  in  kilogram-calories,  and  k  is  the  sum 
of  the  percentages  of  moisture  and  ash,  the 
latter  being  based  upon  the  dry  coal.  The 
formula  should  not  be  used  for  coals  of  over 
8,500  kg.-cals. 


\ew  Mercury  Vapor  Lamp. — A  new  mercury 
vapor  lamp  has  been  invented  by  Dr.  Aron, 
of  Berlin,  and  is  being  put  out  by  the  All- 
gemeine  Electrizitaets  Gesellschaft,  of  that 
city.  This  lamp  differs  chiefly  from  others  of 
its  kind  in  that  the  tube  is  fixed  in  a  verti- 
cal position  instead  of  being  horizontally  in- 
clined, and  that  it  can  be  worked  with  direct 
current.  As  it  is  self-lighting,  it  is  not  neces- 
sary to  place  it  in  a  readily  accessible  posi- 
tion in  order  that  it  may  be  reversed  for  light- 
ing purposes. 


High  Temperatures. — Experiments  with  the 
optical  pyrometer  recently  made  are  of  inter- 
est   as   indicating   the   temperatures   that   are 


reached  in  certain  operations  and  in  the  sun. 
These  results  are  as  follows: 

Porcelain    furnace    2,498°   F. 

Glass  furnace 2,552"   F. 

Open-hearth    steel    2,795="   F. 

Melted    platinum    3,236°   F. 

Incandescent    lamp    3,272°   F. 

Arc   lamp    7.410°   F. 

The    sun     13,712°   F. 

— "American  Machinist." 


Operating   Mechanisms    from   a   Distance.-^* 

Professor  Branly.  an  eminent  French  scien- 
tist, has  devised  a  system  for  operating  me- 
chanical devices  from  a  distant  point,  consist- 
ing of  a  wave-producer  at  the  sending  station, 
and  at  the  receiving  end  a  coherer  and  re- 
lay, a  distributing  device  for  operating  the 
different  apparatus  under  control,  and  an  in- 
dicator or  checking  device  which  automatic- 
ally sends  signals  to  the  operator.  By  means 
of  this  system  it  is  possible  to  start  a  steam 
engine,  start  or  stop  a  train,  steer  airships., 
submarine  boats  and  torpedoes,  from  a  distant 
station  simply  by  operating  a  key. 


Snow-Load  on  Roofs  is  the  subject  of  some 
recent  measurements  by  Mr.  S.  de  Perrot,  of 
Neuenburg,  Switzerland.  Where  a  heavy  fall 
of  snow  was  followed  by  thawing  and  freez- 
ing successively  and  then  more  snow,  and 
thus  in  repeated  cycle,  a  coherent  laminar 
mass  of  snow  and  ice  is  formed  on  roofs, 
which  is  of  remarkable  density.  Several  such 
"snow"  accumulations  proved  to  have  a 
weight  of  36  to  3S  lbs.  per  cubic  foot.  In 
these  cases  the  thickness  of  the  accumulated 
snow  on  the  roof  was  24  to  32  ins.,  thus  pro- 
ducing a  load  of  70  to  100  lbs.  per  square 
foot.  This  is  three  or  four  times  as  much  as 
is  commonly  assumed  in  calculation. — "Me- 
chanical World." 


i>ecompos»ition   of   Cement   by   Sea-Water. — 

According  to  M.  Chatelier.  all  hydraulic  bind- 
ing agents,  without  exception,  are  capable  of 
being  decompoifed  by  sea-water,  but  the   rate 
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KOTKS  iiX  ^C1ENCE  AND  KXCil.NtUKIXi- 


I  Ktloii   vu-lM   wltbln    wide   llniiU.     11 

*  r«toUv«lr  alow  whoo  alumina  In  pre«- 

'  In   ■mull   proportlvnit.     Tlio   ndilUlun 

loUna.  «ap>Klkllf  ot  rnlrtnod  dnr  nnd 

t  tooA  quality,  eudowa  all  hydraulic 

lib  araaldarablr  tacroatml  powers  ol 

to    Ibo   actloa    of   8«a- water.     The 

Mtntia]    coDdltluQ    to    reDdirr    (etnonli 

t  (ran  dvcomiioaltloa   Id  Ihe  tea   In  lu 

t  tbu  volume  ot  wat»r  em- 

;   tb«  r«m<<nt,   and   It   U   h«re 

C  puMuolanii.  gulto  ludt-pt-nd- 

J  action,  becomes  ot  vnliie. 


— UcMta.  Stanton  and  Dafra- 
'  iDid«  M>0)«  up«Hmenls  at 
<  Pbyalcal  Laboratory,  London. 
p-^rtnc  out  a  new  and  practically  very 
Ha  tact—oatnel)'.  ibat  pressure  U  not 
I  on  laTKO  MUTtavfu  aa  on  small  ex- 
■tal  modela.  II.  (or  eiample,  a  given 
city  la  brouKbt  to  boar  on  a  square 
I  ■orfarv  It  will  be  IS';  leas  per  aqiiare 
I  1(  11  wer«  dlr«ct«l  on  100  square 
■tiK  demoiiatrated,  too, 
t  relaUou  la  constant  for  flat  forms, 
r  aonpllcated.  A  builder  or  eDKlnoer 
dure  may  b«  exi>osed 
I  at  aJcbty  mlk'a  p«r  hour  and  that 
mrw  v*r  aquare  foot  an  determined  by 
Kit,  aar,  x  pounda.  abould  allow  fur  hla 
]<K/g  eitra.  The  reason 
I  aMBH  to  ba  the  mure  tborouKhly  re- 
raro   on   the    lee   aide   of   a    larger 


;    ml   Heat    od    Reinforced    Uanctvle. — 

mixtures     when      heated 

temperature    of    1,II00'    to 

p  f,  will  Iota  a  large  proportion  at  their 

k  «■<  elaatlcJty.  and  Ihia  fact  muat   be 

BSBibered   In  deelgnlng. 

^  All  ceB«r«t«a  have  a  very  low  thermal 

and     therein     Ilea     tbetr     well- 

•at  restating  properties. 

^Aa   a   reauli   of   tbls   low   thermal   con- 

.  two  to  two  aud  a  half  Inches  of  con- 

nvvrliig   will   protect   reinforcing   metal 

■JartouB  hvat  for  the  period  of  any  or- 

^  COB  Basra  tion  (provided,  of  course,  that 

B  Blaya  In  place  during  the  Bre). 
I  Ralnlorclnx  metal  exposed  to  the  Are 
:  ccNiTer  by  conductivity  an  iniurloua 
I  sf  faaai  to  iho  emboddvd  portion. 
f  OranI  coucrete  ia  not  a  reliable  or 
^raalsUaic  aiticri^Kate,  — f'rateBiiar  Ira 
■a,  tn  a  paper  r«ad  before  the  Am, 
r  IWUns  MalerlalB. 


Ilnbblnlir:    A    KclaUrctr   Safv    Kxplnolr.-. — 
llicre   1h   no  aucb   thing  aa  a  compleiel}    iMite 
fXpioHlvL-    -that    ts    to    aay,    that*    la    uu   eiplo- 
BlvG  known  which,  under  any  conceivable 
cuiuMiuui-pB.  might  hut  Ignllo  gas  or  dust,  or 
mixture    ot    gas    and    dust.       Hut    tbe    ralatll 
aalety   ot   the   very   best   anil   lilKbest  claoa 
vxpli>aUi.->>,    as    compared    with    Kunpowder, 
so   great    Ihat    Ihe    dlltcreuce   of   saleiy    In   (l»'| 
grce  practically  bocomes  a  diftercnca  lit  kind. 

Bobblnlie  la  claaaed  aa  a  non -detonating  m< 
cbunlcal  mixture  which  couaUts  of  a  blgh> 
grade  gunpowder  containing  but  lltde  aul*' 
pbur.  mixed  wlib  starch  and  paraOIn-wai.  anA 
comprae«ed  Into  a  pellet  coaled  with  paralflif 
wax.  It  was  leaieil  Id  various  ways,  anl  prao* 
tlcal  expvrlmvnts  wore  conducted  with 
four  teams  of  widely  varying  character,  wbe^' 
U  produced  marked  advantages  In  cual-gettii 
over  other  subatancea  of  a  similar  type.  It  !»' 
tlic  opinion,  however,  that  the  eiperlmenU 
Indicated  ihal  Bobblnlie  and  several  other  ax- 
plosives  of  thia  character,  where  Iniucnclenily 
conflnL'd,  are  more  likely  In  explode  gas  than 
thute  exptoalvea  which  give  a  high  "charge 
limits*'  when  tested  without  ■tcmnilng.  Tbo 
"charge  Itmlle'*  la  deDned  aa  flio  mailmom 
charge  which,  In  a  series  of  ten  shots  flreil  na- 
stemmed  from  a  gun,  tails  to  Ignite  ai 
sivp  mixture  ot  gas  and  air  In  an  experimental^ 
ttaliery.  — "'Compreaaed    Air," 
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KviKTtnirBl*  on  WliMl*l*uwer,^ — Although, 
for  any  purpose  roqatrlng  u  more  or  leaa  con- 
tinuous Huppir  of  power,  the  wind  is  a  wholly 
uuaultabie  source  ot  enerey.  there  are.  uever- 
ibcless,  many  caiea  in  which  It  can  be  utU- 
Ued  with  advantage.  Even  If  It  haa  to  bo 
Hupplemented  by  a  stand-by  aucb  as  an  oil 
eugluc.  and  worked  in  conjunction  with  a  stor- 
age battery  iwhkh  la  generally  an  Indlspen- 
sablo  adjunct ) ,  wind-power  may  prove  a 
source  ot  economy.  A  few  reauita  derived 
from  a  serlcti  of  sxperlmenta  which  baa  been 
carried  od  for  some  years  by  Ihe  Danish  Uov- 
crnmcnt  may,  therefore,  be  ot  IntereaL 

The  veloclilee  ot  tbe  wind  which  are  practl- 
cDliy  utillublv  He  beiweeen   lU  and  SO  IL  per  _ 
second,  and  the  motor  must  be  ao  conatrncta^ 
aa   to  adapt  Itself  automatically   to   a: 
ticins.    Including   storm*.      It    boa   bee: 
that  a  motor  with  only  four  wlnge  la  the  b 
and  that  If  the  surface  of  the  wlnn  in  aquar*^ 
feet   Is  S,  the  velm-IIy  of  the  wind   V  In  laatf 
per    second,    and    the    outpnt    In    horae-powor 
la  W.  then  W  =  S  V>  ■*■  166,000.     Tbna.  for 
a  surfaro  of  100  *q.  n..  wlUi  veloclUea  or   lO. 
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TECHXICAL   LITER.\TURE 


20,  30  and  40  ft.  per  sec.,  the  power  arail- 
able  is  0.22.  l.S,  6  and  14  HP.  At  the  ex- 
perimental station  of  Askow.  with  a  petrol- 
motor  as  stand-by  and  a  storage  battery,  an 
installation  of  450  incandescent  lamps  has 
been  successfully  run  for  two  years,  at  a  fair 
profit  even  after  allowing  for  interest  and 
sinking  fund  charges  on  a  23-year  basis. — 
•Ellectrlcal  Review.*'  London. 


iSCeei  Hardening  by  liJectricicj. — In  a  re- 
cent issue  of  Le  G4nie  Civil,  there  is  described 
by  T.  Garnler  a  comparatively  new  and  sim- 
ple mechod  for  hurdenin;?  steel  by  electri«:ity. 
The  rooi  to  be  hardened  is  put  in  electric  con- 
nection with  'he  positive  pole  of  the  ba:.tery 
or  other  source  of  current:  in  similar  ronaec- 
rion  w:ch  *he  ne?a:ive  pole,  there  i.^  a  case  iron 
rank  full  of  ?ar*)oiia"e  of  potash  dissolved  in 
waier.  The  current  is  regulated  by  a  rheostat. 
The  rooi  is  pLunzed  to  the  desired  depth  in 
"he  .^oiu'.ion.  ji.-it  as  for  hardening  in  the 
'isual  manner,  r.he  cirrent  is  then  switched 
on  and  'he  tool  3ea*ed  to  the  same  degree  as 
wou'd  he  required  in  ordinary  hardening. 
Wh'":fn  the  proper  Temperature  has  been 
rr^ached  and  held  tor  tiie  desired  time,  the 
'"irren:  is  switched  cS.  an-i  the  tool  left  in 
r.he  bath,  which  lar.er.  by  'he  simple  act  of 
.Twir  *hin?  off  the  curreai.  is  at  once  convert- 
ed into  a  hardening  bath. 

.Lnorher  meihoii,  which  permits  of  riarden- 
:ni  places  on  the  sir^ace  of  pieces,  where  tiie 
dipping  process  wouM  not  accomplish  the  de- 
sired object,  is  Io«.al  heating  with  the  electric 
arc.  Here  the  tool  cr  other  article  is  laid  on 
a  'topper  block,  and  m  ordinary  ar*:  carbon 
hei«i  in  a  safety  holder:  tie  electric  connec- 
tions with  hoider  and  bL-Jck  being  made,  the 
car-] on  pole  is  touciied  t:  the  piece  to  be  lo- 
'^ally  hardened.  Of  ccur*e  tie  beating  is  both 
intense  and  local :  tbe  work-piece  is  at  once 
plunged  into  the  ordinar:*  hardening  jati.  and 
when  one  pla^e  is  hardened  tbe  next  may  be 
heated,  and  -jo  on.  The  electric  current  may 
also  be  useii  t:  draw  tie  temper  jf  a  hollow 
object.  Instead  :;  using  a  red-hot  :r':n  rod  to 
plunge  in  the  bore,  a  cold  rod  is  em?Io:ed. 
which  is  used  as  a  resistani.^  in  the  circuit 
of  a  iecondar:.-  current  of  about  2  volts  ten- 
sion. The  temperature  of  tbe  :roa  rod  grad- 
ually rises,  and  when  tbe  work -piece  has 
reached  the  desired  ':t:lor  tbe  zurr^nt  is  shut 
off.  This  method  is  said  t-*  pr-jduce  less  lia- 
bility to  cracking  than  the  old-fashioned  wa^* 
of  drawing  the  temper  with  a  hot  rod.  It  is 
particularly    recommended    for    large    hollow 


mills.  The  great  advantage  consists  in  the 
perfect  regulation  possible  by  means  of  a 
rheostat,  and  in  the  possibility  of  getting  ex- 
actly the  same  temperature  erery  time  for  sim- 
ilar objects,  once  the  right  heat  and  color  are 
attained. — "Mining  Reporter." 


TraBsmntatioB  cf  JiHements-^In  a  recent 
issue  of  the  "Chemiker  Zeitung,"  Professor 
Wilhelm  Ostwald.  the  well-known  chemist  at 
the  University  of  Leipzig,  discusses  Sir  Will- 
iam Ramsay's  discovery  that  elements  hereto- 
fore regarded  as  unchangeable  are  capable  of 
transmutation.  Professor  Ostwald  alludes 
to  it  as  "the  greatest  scientific  achievement 
since  the  discovery  of  the  practicability  of  ap- 
plying tbe  electric  dynamo  to  mechanics.  "  and 
lie  describes  at  length  the  process  by  which 
Sir  Wiiiiam  Ramsay  converts  radium  into  he- 
lium and  produces  neon,  krypton,  lithium,  and 
sodium.  He  taen  says:  "When  I  visited 
Ramsay  in  London  he  demonstrated  to  me 
that  he  could  produce  lithium  from  copper  by 
thtr  action  of  a  solution  of  sulphate  of  copper 
en  the  emanations  of  copper.  After  the  cop- 
per had  been  extracted,  by  means  of  sulphur- 
etted hydrogen,  from  the  solution  whiuh  had 
been  in  contact  with  the  emanations  of  radi- 
um, a  residue  of  lithium  remained.  Since 
then,  as  I  have  seen  from  the  proofs  of  an  arti- 
cle that  Sir  William  Ramsay  is  about  to  pub- 
lish, he  has  not  only  confirmed  this  discovery, 
but  has  added  to  it.  He  has  proved  that, 
slio'ild  the  emanations  of  radium  alone  or 
niLxed  with  Iiydrogen,  be  left  in  a  vessel,  af- 
tei*  a  time  helium  will  be  produced.  In  the 
event  of  the  emanations  coming  into  contact 
with  water,  instead  of  helium,  neon  with 
sl:j:h:  traces  of  helium  is  the  result.  Then 
b}  dissolving  in  the  solution  a  heavy  metal 
•  tbe  experiments  were  carried  out  with  the 
ait  rare  of  silver  and  the  sulphate  of  copper) 
xeuon  or  krypton  is  produced.  Other  sub- 
stances are  also  present,  but  no  e^act  defini- 
t:oa  of  their  character  has  been  obtained,  ow- 
i:i^  to  tbe  :ain:tesimai  *i:iantities  in  which 
t;iey  occii.".  Sodium  and  calcium  have  been 
observed  among  them,  but  the  latter  may  pos- 
sibly have  come  irom  the  experiments  having 
beea  uiade  :a  glass  vessels." — "The  Times  En- 
iiaeeriai;   S'.:pplement  '      v London*. 


V  . 


Ifi  ricks  iL^ido  o:  sand  and  lime  and 
•i.'Lic:  :u  ibo  a:r  .ire  used  largely  in  com- 
:!r;ui'  •:>  nhv^re  ihi.'re  is  no  clay  from  which 
».;a>  '.^~  ck  v.i!i  'jo  made,  bit  where  an  abun- 
dance of  s^iud   ,a:i  be  found. 


BOOK  DEPARTMENT 


LUBIUTIBS  OP  INORGANIC  AND  OH- 
OANIC  8UBSTANCBS. — A  lUndbook  ol 
Uc  MoK  Koltabl«  QuiiDiliaihc  boiul>l)lty 
OM«naUtilcma.  Conipllej  by  Aibvrion 
SvUdl.  fb.  1>.  tJ.  11.  L'.).  Bureau  oi 
Cbvubtfy,  I'.  S,  Depart  me  nt  ol  Agricul- 
ture. N«w  York:  U.  Van  Nostr*ud  Co. 
Cloto;  pp.  3t>U;  many  tablos.  I3.U0,  uel. 
R«Tl«w«d  by  AuguM  T.  BJerregaard.* 
i*'*"1'K  >1m  phratuil  proper  tie*  af  BubBtUlcea 
wUck  u«  Inporunt  from  tli«  point  of  view  of 
I  WdtBlcJaii.  an  well  as  the  Iheo- 
.  ttke  aolublllty  o[  a  body  In 
wBMr  or  other  liquids  U  o[  ibe  groateat  alg- 
KtflcaBce.  In  very  maay  raaoe  the  nhole  pro- 
VMB  si  vanufacture  or  purlDcutloD  of  a  ctioin- 
kAl  nibManc*  dep^nda  directly  upon  Its  prop- 
OTtlaa  In  UiU  respect.  Sonietlmeft  oliucuTe  or 
Uttim  knovii  facta  relating  to  Ibis  niatior  when 
y«t  to  HM  effect  enormoua  advanrcH  In  In- 
dsatrr,  aa  for  esample  ilio  nppitcatiou  of  the 
Hd«Wllir  of  gold  la  dilute  cynnlde  solnllons. 
Bmmbm  of  the  very  great  Importance  ot  the 
Mb)«e<  It  would  naturnlly  be  ■-■xpecled  tliat 
masy  boolu  would  have  been  published  upon 
tUa  anbjert.  But  as  a  matter  of  fact,  only 
iknm  are  kaown. 

Tke  llrat  work  ever  given  to  the  world  on 

tUa  aab>ect  waa  P.  U.  Siorer's  "First  Outlines 

•tf   a    ncUonarr    of    Solubilities    of    Chemical 

SabstMKwa.*'  paMfahed  in  1864.     While  as  far 

^  tkte  work  goes  In  Its  sUtlemeuis  of  facis. 

It  la  atlll  ol  value.  BeTenbeless  It  Is  now  hopu- 

iMaljr  o«t   of   dale   because   of   the   enormoas 

•oMoa  made  In   the  acquisition  u(   new   facta 

U  tbe   U*t   half  century.     Blor^r's   work   was 

coa piled     entirely     from    general    lext-books 

gfcaae  Mataments  were  neither  compared  with 

^^^i  orlslaal  •oBrces,  nor  In  any  way  critically 

^^Kprted.     QnADtltatlve  data  are  very  tew,  but 

^^■■•lltaUn  daU   are  abundaul.   and   Inorganic 

^^^M  encaale  compounds  are  equally  treated. 

ta  tfSC  came  A.  M.  Comeys  "IHctlonary  of 
Cbamkal  Solnblltttce,"  which  was  never  fln- 
lited.    iPBlr    tke    Drat    part.    concoroInK    Inor- 

KKle  bodlea.  kavlng  seen  the  light.  In  this 
gtt  aeiM  of  tbe  enormnuH  mass  of  carbon 
■peanda  containing  hydrogen  directly 
kad  lo  ika  carbon  are  treated. 
l^aaaUiatlva  data  arc  much  more  numerous 
la  la  StOfafs  work,  hut  tbe  majority  are 
D    vMlllatlTa.       Comey     toliewed     Etorer'a 

I   Tark  ntr 


jilarj  of  obtaining  nil  bU  data  from  gcn<>ral 
riieinlcul  wurKs  and  in  making  no  critical  se- 
lections. In  Kplie  ol  lu  shortcomlngB,  this 
work  Is  aiill  of  gr^iit  usefulness. 

lAsily,  AthertoQ  Sridvll  has  produced  a 
work  un  this  subject,  departing  radically  from 
the  former  two  authors  in  four  rospects. 

1.  He    labulalcs  only    quantitative   resulta. 

2.  All  ddtn  are  token  McluiWely  from  tbe 
original  periodical  fcources. 

3.  Only  dain  published  since  l&TS  are  con* 
aldored, 

i.  He  has  In  vi>ry  many  cases  recalculated 
the  ortglnsl  duta  Into  more  convenient  shape. 
This  be  has  done  more  especially  when  ibere 
wf>re  more  than  one  set  of  determt nations  tor 
11  Elngle  aubxiuuce.  These  have  then  been  of- 
ten combined  Into  ono  table  by  the  author.  Id 
many  cases  thin  plan  bus  enabled  the  author 
lo  stale  the  solubllily  results  throughout  the 
book  In  a  uniform  tabular  form,  lor  regular 
Intervals  of  temperature,  usually  10'  C,  and 
la  terms  ot  weight  of  dlssnlvod  substance  per 
given  weight  of  sulvent  or  solution,  or  botk. 
The  labor  Involved  In  all  this  rocnlculntloa 
must  have  been  enormous,  but  the  superlof 
ui>etulness  thereby  aUalnod  iustlfius  the  au- 
thor's efforts. 

The  data  are  arranged  convonlontly  In  al- 
phabetical order  under  the  usual  English 
name*  of  the  solales,  with  a  very  full  Index  of 
cross  references.  KIghtly.  no  dlstlndloa  Is 
made  between  Inorganic  and  organic  com- 
poundi;  both  are  on  an  equal  footing  and 
equally  completely  treated. 

The  wisdom  ot  omitting  entirely  all  quail* 
latlvo  data  seem*  somewhat  doubtful  lo  the 
reviewer.  Seidell's  nssumpUon.  to  lustlfy  tkls 
exclusion,  "that  qunlllatlve  determinations.  It 
desired,  can  be  readily  made  by  simple  teatj 
lu  the  laboratory."  Is  not  well  taken,  becanae 
It  frequently  happens  that  loformatloD  la  de- 
sired concerning  the  solubility  ot  a  subatance. 
or  Indeed  often  of  a  scries  of  suhstancM,  tbat 
may  not  be  at  band  tor  tests,  simple  or  other- 
wise. 

A  few  misprints  have  been  noticed:  for  az- 
ample.  on  page  8T.  line  3  from  tba  lop,  "cal* 
clum  carbonate"  Instead  of  "calcium  bicar- 
bonate." On  page  170  the  speclfle  gravity  of 
llgroln  solution  In  water  U  given  as  0.t«4D, 
which   evidently   should   be   0.V9IO.      On   page 
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25 ^    rhe    ref»*r»*mte    ander    pofUiSHliim    permaii- 
^anare  ro  J    Amrrr.  (.'hem.  aoo.  vol.  'l"*..  should 

Thn  pr»*srf'vortc  in  ^t^.'A  il^n**.  ch»*  nype  ia 
rle;ir.  Me  ':i)r3i5raphi«*ai  ai'r;iQ;rHmeac  of  the 
Uit)i»*M  Ih  -^xri'LHiir.  A  few  oi!  rhe  fli^urten  r.her**- 
iii  ;iavf*  h*-^ii  '•nnipa/'^fl  '*irh  rhe  ori;5:iiaia  by 
Che    .•■^viH'v^r    vitliour.   rinilia:^  any   errors. 

.'J.»'nttfii"i  -vork  Till  oe  invaluanle  nor  only  to 
all  '::a>rf-y.  -ji'  ••:it^m;HT.4.  Dur  ^q  li.1  'etthni'tiana 
w!io  .i»r*vi    .i:jrm;i*.i.n  :a  'ilia  .:n^. 


NEW  Bli«>fLS. 
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.  If  rial   .\jviupiri«)n. 

't.\."..  'f  T'AE.  .\i'i. — A  .Srit-n'.irii:  Srate- 
:UHn'  .1*  ".i«^  P^^^^=■;^4rt  -ji  .V'rr')uaiirii-"ai  S«:i- 
•»ni«=?  i,>  -.J  'li*^  ? :*■-«♦; nt  Tlni*^.  B  ■•  The 
Awro  ',;:i:i  r,t  Amep'.f  a.  New  York: 
IJoiiu-erla  .  P^tfH  *  <Jo.  <.'lorh.  1  *  S 
:nH.  ,)p.  c::.  -  1'*  t  ii  ini**roiiH  piates  and 
'f-x:    ;i:ji.H;i'ar:r.n.'i.      Il.^o    net. 

THK  PROBLEM  OF  FLr*^;HT.— A  Tex'-Bcok 
of  A^ra.  Enif;:iK*rr:ntf.  By  Herbert  <'hat- 
.*"■  i-i.  .-ii-.  ■  En:?:nfrr*trin;?- .  Lomlon.  Le«:- 
•  ir*r  .a  Aopi;*^l  M»t*:nanirH.  Por'^mouth 
r^tchnirai  .aMt;r.r'^.  I^jnttun.  En  z!  ami: 
<:har:*^  'ir.ffla  *  '^.'o  .  Lrd.  Phila  i-^iphia: 
f  H.  Lippmrorr.  ry,,  Cloth.  H  :>  ina. ; 
pp.  l'.:t  L  piari^  ^ad  *i  I  •.♦^xr  i.ii.'ir  rations. 
|.;..j»i  net. 

CHrRCH'.'i  LAiiOitATORV  GriDE.  — A  Man- 
ia, of  Prar^ir-H.  <,'hemiatr.-  for  «.oi:e:iea 
ind  .■i'-honiH.  .'^p*rr:aiiy  Arran^^ed  for  Ag- 
:*:f:a.t.irai  .--r.idenrj^,  R^v.a^il  and  pax-tly 
r*?w.-:rrftn  ij"  Edward  Kimh,  F.  I.  ».'..  etc., 
ProfesHor  'it  •.hemirft.-^-  -n  the  Royal  Xg- 
.•:fTi.r:ira:  '.'oiieffft.  C'iren*:»raT.er.  Ei^shcii 
♦^diiion.  N*^w  Y'-jrk:  D.  Van  Xoatrand 
fji.  t:\nT\i:  i  '  7 -^  ,n-H..  pp.  X7i.  -  Jij; 
>-  i;^lMrr:lrion:^  :n  'he  ^rrcr.      %'l.Z'f  n»^t. 

EXPERi.UENTAr-    AND    THEORETK'AL    AP- 

pi-[«:ATro.\>:    of    thermodvna.uics 

TO  '.HEMIiSTRY  — B"  Dr.  ■.V.i:ther 
>.>rn.sT.  P:'ofeM.ior  ind  Dir^r'for  -je  "a*^  In- 
st it  i»-e  of  Ph'^^rirrai  C*li»^m:.-r::"'  :n  'h*^  Vai- 
"Tr-»i r  -.-  of  .'ier I: a .  X ^  v  Ya-'a  .  ' .' ;i a r ies 
."l*  ■  r:  ':*  n  ►»  i*  -»  .-so  n.s .  C '. '  j  r  a  '  "-4  *  -  *  ina.: 
;)p.  :j1  •■•i.f.i"  /.'.::i':"i':*,n-i  :n  'Lie  '.-rx: 
and  J  I  \i'ii*r-.     II. Ji.  a^i*. 

f.'ivil   Enicinf*?riiue. 

deta:--.^    of    mill    «:o.\\-5tr::ct:ON.— By 

Haw:^;'-  ■.V:ar::i*r^r..::r  .Morron.  A.*':!i:t':?«;t. 
hoHJ.jn,   .\fir:.;      3ar^f:?   jt  'j=ii:d   *.'o.   '.'ioth: 

HA.VrjFir-rH  F'-5R  SISE.V^ETONBAi: 

■  ff.i.id'MHik  ji  R-mr'-vf -li-tViQi  r»?'f;  «.'ou- 
struf:*:oni. — Edited  '>y  r'.  "ou  Eni.'^^rr-cei'. 
Vol.  hi.;  E-xampies  from  Priif.:i -.  :-'.i:-'  J. 
prepa."'rd  •)'•  R.  W-i'jzkowsk:.  Fr.  !-or*ry. 
Ii.    .Vast.    A.    Xowrik.       a«r::a.    'ieL-;uany: 


Wilhelm  Ernat  &  Son.  Paper:  T^-i  < 
IMU5  ina.:  pp.  «i42:  oo:;  illustrations  in 
rhe  text  and  one  foldini;;  plate.  15  marksi; 
Amerl«:an  prire,  $»5.  Parta  1  and  -.  Vol. 
III.,  bound  to»?echer.  :;4  marks:  Anieri- 
<:an  priiie,  $L:J.»jO. 

STEREOTOMY.— By  Arthur  \ViI!ari  French. 
.VI.  Am.  Soc.  C.  E..  Professor  of  Civil  En- 
zineerinjj,  Worcester  Polytechnio  In:;ti- 
r.ar»*.  and  Howard  Chapin  Ives.  A^aL-taut 
Professor  of  Civil  Enj?ineerin^.  L'niver- 
sity  of  Pennsylvania.  ;sei  ond  Edition. 
New  York:  John  Wiley  A  Sons.  London, 
En;?Iand:  Chapman  db  HalK  Led.  Clcth: 
Z\  <  :>  L4  ins.:  pp.  ll'i:  4  7  iiliistrations. 
mostly  in  the  tex^.  and  11  foldino:  plates. 
12.3'). 

ElftHrrricai  Enieinie^rui^. 

A       HANDBOOK       OF       WIRELESS       TELE- 

•  ;RAPHY. — Irs  Theory  and  Practice.  For 
rhe  r.'-se  of  Electrical  En^ineen?.  Students 
and  Operators.  By  James  Er^-kine  Mur- 
ray.  D.   St'..   F.    R.   S.   Edinbursrh.   M.    I.   E. 

E.  London.  Crosby  Lockw<3od  dc  Son. 
New  York:  D.  Van  Nostrand  Co.  Cloth: 
5U  >  Uj  in-*.;  PP-  x^i.  -  'jll:  I:' I  illus- 
rrations  m  the  text  and  IL  tables.  $:j.5».». 
net. 

KURZES  LEHRBCCH  DER  ELEKTROTECH- 
NIK  •  Brief  Te.xt-l:ook  of  Electrical  En- 
^iCineerin.:!  • . — By  Dr.  Adolf  Thomalen. 
Third  Edirion.  Berlin.  Germany.  Julius 
Springer.      Cloth:     •>  ^4  \i^^     ins.:     pp. 

525;  -y.ji  iilustrationa  in  the  rext.  Ii 
marks:    American  price.  Jt.SO. 

TABLES  FOR  THE  COMPCTATION  OF  IL- 
LL'MINATEON.— Givini?  the  Values  for 
Diffef^nt  Angles  and  Their  Correspond- 
ing Distances  of  the  Illumination  per  I' nit 
of  Light  and  the  Light  Required  for  Unit 
Illumination.  'Compiled  by  William  B. 
King.  I      Dorchester.    Mass.:      The   Author 

•  IL  Merlin  St. »  Flexible  leather:  4  < 
5  4   in.s.     12.  net. 

THE  CONSTRICTION  OF  DYNAMOS  <  Alter- 
nating and  Direct-Current  I . — A  Text- 
Book  for  Students,  Engineer-Conscruc- 
••ors.  aud  Electricians-in-Charge.  By  Ty- 
son Seweil,  A.  M.  I.  E.  E..  Lecturer  and 
DeiU'jnstrator  m  Electrical  Engineering 
at  'he  Polytechnic.  Regent  St..  London. 
Louden:  Cr«Jsby  Lockwood  Jk  Son.  New 
Yoi'k.  D.  Van  Nostrand  Co.  Cloth; 
■j'l  ^  ins..  :.^p.  xii.  -  ts«i:  2:l:j  iliustra- 
':'?::r>  ;:i   -lie  *e\t.      $.'."".  net. 

>i^H:hauicuI  Eu^iueerini;:. 

FCc::..     .VATKR    AND    GAS    ANALYSIS. — For 

S:-.\i::i    '.  d^eis.       By    John    B.    C.    Ken: haw, 

F.  i.  «;  .  .\  rhor  01  Smoke  Prevention," 
er-;.  .\'.-.v  York:  U.  Van  Nostrand  Co. 
^'ly^'.i.    '.•'■2        >  ■■_»    iii>.     I'p.  xii.    -   1«>7;    50 

■i.-::a';«.':is  :n  :Iio  >.•\^      $2.5'L  net. 

Ll-Bii'-.W  '::oN  ANP  !A"UKICA.\TS.  —  A 
rv».\i';sf  on  -at-'  Thijoiy  and  Pvactii.e  of 
L  i:)ri«  a'iou,  and  on  "lie  Nature.  Proper- 
■  i».s  ^:\^l  'V-i>-:i\A  01  L'ii)ricant».  By  Leon- 
aid  .V.'.lilxi*-..   F.   ;.  C.    F.  C    S..  Chemist 


Um  Midland  Railway  Co..  and  R. 
\  ModBtford  Dwiy.  H.  Inst.  U.  E..  F.  G.  8.. 
I  LoroniMlTo  8u  perl  Blend  cut.  Midland  Rail- 
I  wmr-  (MwoDit  Bdltlon.  Tborotighly  He- 
I  *ta«l  and  Eiilars«d.  London,  England. 
I  CItBrlcB  Griffin  t  Co.  Clolh:  514  •  8% 
XXX.  -r  oZH:  M'  llliiHtrRtlons  In 
tta*  taxt.     IS.  net. 

I  MARIN'B  STeA.M  TirRHlXE.— A  Practl- 
rol  Dewrlpllon  of  lb*  Parsons  Marine 
TnibJa*  aa  Pr™i'.ntly  Con«tnittfd,  FIUjU 
I  Ran.  Inrludlr.K  b  IJescrlpUon  of  ih« 
I  Dmuit  *  Jotintuu  PHlvnt  Tonilon  M«ter 
I  far  MMUuiioK  thr  TmnsmlUed  Sbufl 
r-Po«er.  and  Containing  Fifty  Qu«8- 
iwUb  SoluttuuJil  on  E:1t^ul«nta^r 
TnTbln«  iMmlicn.  11)*  J.  W,  Siith<:>rn.  Au- 
thor of  "Verbal  Notes  and  Skotrheit  tor 
Martnr  Englnt'i.TK."  rlr.  Second  Bdltlon. 
.\»w   Vorh;      U.   Van   Noatrand  Co,      l.on- 

»Aaa.  EOKlaad:  Whlllaktr  ft  Co.  Clolh: 
&H  ■  SH  Ina.:  pp.  I6:i;  foldlnjt  and  other 
plate*  and  text  lllusirailonn  12.50  n«t. 
Mining  KnitlnrPriBit. 
DOING  FOR  (101,1)  IN  CALIFORNIA.— 
Br  D'Arvy  Weatberbe,  M.  Can.  Soc.  C.  E. 
Ban  Franclaco:  Mlotnn  and  Scteutltlc 
pTMa.  Cloth;  e  .  SI  Ins.:  i<p.  217:  lOU 
111  natrat  tons.  Including  many  full-page 
halt  tone*,  tl  OU. 
SHAKT  .SINKINC;  IN  UIFFICII.T  CASE3.— 
By  J.  Riemer.  Translated  from  Ilie  Ger- 
naa  by  J.  W  Brougb.  Asaor.  M.  Inal..  C. 
B.  London.  Knicland:  Chnrleii  Grtflln  ft 
Co.  PkUadelplifa :  J  B.  Llpplncotl  Co. 
Oath;  C  >  9  ln>.;  pp.  122;  19  folding 
plain  and  IN  ten  llluMratlons.  l^t.SO. 
nai. 

KaUnsya. 
AHBRICAN  RAILWAYS  AS  INVESTMENTS. 
—  A  Detailed  and  Comparative  Analysts  of 
All  tba  Ijcadlnit  Hallways,  from  the  In- 
veator'a  Point  of  View;  With  an  Introdur- 
ttxrt  Chapter  on  Tbu  Methods  of  Bsiliuat- 
IDK  Railway  Valurs.  By  Carl  Snyder. 
N*w  York:  Th«i  Moody  Corporation. 
Ijtmdon.  England:  Frederic  C.  Malble- 
MMi  A  Sona.  Cloth;  «U  x  »H  Ina.:  pp. 
TS3-.  one  folding  map.  13. to.  net;  by 
Ball.  13.10. 

OaalUiT   Engineering. 

HERCUB8  SL'R    l/KPl' RATION   BIOLOO- 

"  igl'E       ET      CHEMIQL'E       DES       EACX 

[  mBQOl*T.    ( Reacarrhes  on   the    Blologtcal 

I  Purldrailon  of  Spwajo).^ 

t  St   tbe    Pasteur    Instliuie   of 

p  KxpvrlRienl  Station  of  Mad- 

~lr.   A.  Calmetip.  uaslaied   by 

,  BouUanRer,  A.  Bulslne.  F. 

I  and  L.  Ma»ot,     In  two  votuw«a. 

Parta,    Franre;    Matron    ft    Cle.      Paper; 

.    10    Ina.      Vol.    L;    p.    1S3;    5    platea 

IS   last    ttlnatratlona.      Vol.    EI.;    pp. 

III.   :  ptaiea.   :i   diagrams  and   45   toxi 

lIlBairatluni. 

Ke  baia  Jttat   rccvlvml   from   tbi.-   Englneer- 

I  Etpcriment  Station,   at  tbe   L'nlvffralty  of 

.  BnlMlB  No.  IS.  "An  Bxtenslon  of  the 

I   Claaalflratlon    Applied    lo   Ar- 
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(■blteolure  and  Building."  This  (ii 
tended  clasalOcatton  has  l>i>en  In  utit  In  a 
more  romprebrnslve  form  In  the  Department 
of  Architecture  (or  many  yeam,  but  tt  baa 
uuver  before  been  publtabed.  It  forma  a  aup- 
ptement  lo  thv  «st«nd«d  claaalHrailon  appUad 
to  tlie  braucbeti  of  engineering  prevloualy  la- 
8ii«d  In  Bulletin  No.  9.  It  la  prrccded  by  a 
very  brief  explanation  at  the  exreedlngly  val* 
uable  ayatem  InvL-nted  and  Introduced  by  Dr. 
Melvll  Dewey  for  the  claaslflaiilcin  of  book* 
and  literary  materlaU.  hut  which  baa  Hinco 
been  found  to  be  the  boat  Itnown  mnthod  tor 
arranging  all  tangible  things  and  ld«>aa.  For 
ibe  convenlenc-e  ot  peraons  not  tully  Minveraant 
with  the  system,  and  for  llndlng  tha  proper 
numbers  quickly,  n  relative  index  of  sub- 
JfCls  baa  been  added.  In  Itn  present  torm 
It  is  believed  llint  this  buIU-tln  will  prora 
useful  to  archltecls.  engineers  and  conatruci- 
ors  In  classifying  books,  pamphlets,  arttclea  In 
periodicals,  data  and  all  olhpr  material  rclal- 
Ing  to  arcfaltecture  uud  cuuHtruciloti.  Copies 
may  be  secured  upon  application  10  the  Di- 
rector of  the  Knglneertug  Experiment  Stadou. 
Urbana.  111. 

At  the  time  ot  the  first  commercial  proJuc- 
tJon  of  liquid  air.  several  years  ago.  a  number 
of  untenable  claima  were  made  u  to  Ita  prac- 
tical applications.  One  of  the  moat  valiabla 
uses  to  wlilch  the  liquefaction  ot  air  has  been 
put  Is  that  ot  the  subaequeni  aepornllon  of  the 
oxygen  and  nltroKen  by  trarilonnt  dlailllaUoD 
and  rectification.  Tbe  possession  of  such  a 
substance  as  liquid  air,  hn«ever.  ha*  proteJ 
of  much  value  in  tbe  study  of  the  behavior 
ot  various  materials  at  low  to  mpe  rat  urea.  It 
Is  generally  aaaumed,  for  Instance,  that  at 
«ery  low  temperatures  metals  became  brittle 
and  even  fragile,  and  In  numerous  caaea  the 
breaking  of  aleel  rails  In  wluter  Hejlbir  has 
been  atlrlbuted  to  ihla  chu»o.  H>  the  tiae 
ot  a  batb  ot  liquid  atr  it  has  been  found  prso- 
llcabte  to  tost  various  uielals  and  alloys  at 
temperaiurea  aa  low  as  IhO'.  and  this  haa 
led  to  the  dUcoTory  that  while  many  etoels 
hsie  their  tensile  strength  Increased,  their 
ductility  lowered  nnd  their  brltlienraa  ralaod 
at  low  lemperaturm.  this  la  not  always  the 
case.  R.  A.  Hadlletd.  a  well  known  Brillah 
melallurglst.  has  abown  that  a  nickel  man- 
gnneae  ateel  can  be  made  which  will  Ite  as 
tough  If  not  tougher  at — 1«0'  C  than  It  la 
at  ordinary'  atmospheric  tnmperatunw,  and 
this,  too,  wlitaaut  material  change  In  the  ten- 
alle  rirengtb. 
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Tif*  ccrri^:*i  seicic-x.  cs.  ^ccoinc  of  its 
^ci^PLrii>:i»  ;;:«»iis  IlS  :iek:  s::r;ace  for 
ttr  ir.T-if.  iii  '.z  1*  «ksder  to  -driTe  ii  straight 
':ie:A;.«  .z  3»  iLin*  5r=^:.«rtvBal  All  ihe  driT- 
ixf  -*  6m»«  za.  zjL-i  :cm.53.iai  ;U:e.  u  tbe  clip 
i>  :i.;  :aK:i  ir.-ai  *j*ia  eai.  iii.  therefore,  all 


-i'r.xiM  ic'JXLjia  -1  rrH-ii  Kinnca*  lii  requires 
jj.  ^i-:«e«i*i_-x^y  i«ittT7  1.1 7177 -fc  frr  irtving,  is 
3rj.:«:.i;x:^'  AJiwa'  li  -Li^f  KcrL^aied  5«:Uons. 
ru-f  ik:rij:  i.-**  :;c!iw^  trznL  ict-i  ;1&:€S.  and, 
■j'ir^tjrv.    Ar^    ii»:cH   ^**jjrjj  yizxLgfii  azd  uni- 

:i^    J  Jt^i  iaa^3ii  jc  :-!»*  iizm^pi^i^  J^le,  there 

:aj«    ;i   Ki.-i  irviiif  Aoiiiii^^  Kjm». 

^.'yr-'Utj'A 'i*i  it'jwi  jUiMc  jLm^  '^  ziaa:iXae- 
.'4  "iu  i.i»i  >uia  )y  jin  'V^m  tn^>  S^<el  Pil- 
Uc.     ,'J.  ir*jua'v:v     >•*«▼    TJCi-    lid   this 

rici    <i   c-a^*    I    -J  ,-«jQcr:ictur»  ir  02  iriTe  u  and 
}.*  .    i    tjr    ri^m.       v  ir-iaa-Mcciini  3t  :i*  Wem- 
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^'  J  <aa  fBraUIi  tli«  c«m«iit  In  aoy  abad* 
I   fry  arcbltecta. 


A   ITJIIQIJB  FOt'XDATION'. 

! Of  rwUB<  piec«  o(  touQilaUon  work,  Il- 
iac Ui«  lBcroa«los  bm  ot  conoroie,  bu 
:'^<ii    nMB|»l«t«il   ror   the    Empire   Worka 
'    StJtadanl   Oil    Com  pan)'    at   Claremont 
ivnmj  Cltr.  N.  J.,  bf  tbe  FouDdatlon 
■iny.   11I>   Broadwar.  New   York. 
.iddlUvB  to  til*  plant  called  tor  tbe  con- 
"U    Df    a    loQBdatlon    on    aome    Olled-ln 
I    at   the   luncUon   of   tbe   ult   meadow 
.,>IaBd.     To  obtain   n   proper   be&rlnis   It 
-^-owarr  to  (o  20  ft.  beneatb  tba  exlst- 
rtace,  tbe  iraund-water   level   being    10 
iiw.     To  cvrr  a  heavy  concrete  tooting 
L'««rlng  atratum  was  too  expenalve,  and 
iitwr   pUs   fouDdkUon   with   a   heavy    con- 
op  wma   rvjected   tor  a  Hlmllar   reason, 
:   waa  determined   to  erect   the  structure 
fnanilatlon  o(  Simplex  Concrria  Plica. 
ba>v]r   pile  driver   with    rclntorcrd    leads 
I  to  drive  a  hollow  tteel  [orm,  bar- 
m   oatald*  diameter  of   le   Ins..   and   ler- 
Uns   wttta   a   patent  shoe   or  Jaw,   to   re- 
,  by  udnc  a  3.00U-lb.  baminrr.      When 
lonn  reached  the  bearing  siratuni  a  small 
h   Ot    1-1-4    concroto   was   dropped    Innlde 
I  tarn  ralaed  about  a  foot  by  a  heavy 
F  derlw  attached  to  tha  lead*;   the   pat> 
■  opened  by  dropping  a  heavy  rammer 
ot  the  charge  ot  concrete.     This  action 
<    opwns   tbe  Jaws,   but   torces    the  con- 
Hit  Into  the  surrounding  material.     An- 
^arge  ot  concreio   Is  iHGeried   and   the 
ain  palled  ap  a  abort  dlatance.     This 
I  U  reputod   anill  the  torm  li  entirely 
tbe  xraand  and  tbe  pile  space  has  been 

I  cosereta. 
Ssiplei  Pile  thua  tormed  by  the  ram- 
t  Uie  concrvte  Into  tbe  surrounding  ma- 
l*B  a  vary  rougb  exterior  surface,  and. 
WBtly.  a  great  akin  frktion.  which,  In 
•oils,  U  a  very  Important  factor  IB  tha 
biC  power  ot  tba  pile. 
Idltlan  to  Ibis,  the  pile  Is  ot  tbe  same 
r  tttranghoat,  having  the  same  area  at 
ring  polnta  as  It  has  at  the  top,  and 
■hi^S  Its  load  as  a  rotttmn.  In  the 
^^^^HlM  area  at  lb*  bottom  Is  vory 
^^^^^■Abb  ttta  lop.  and  any  load  sua- 
^^^^^KyOa  In  eiceaa  ot  the  fractional 
^HP^EceaMnlraied  on  a  very  small 
^Hm  tt*  reverae  result  Is  what  Is  de- 


In  wet  or  fliled-ln  areas  wb«re  ibe  ground- 
WDier  level  Is  at  a  depth  below  tbe  surtaca 
mora  than  6  tL,  the  concreta  pile  make*  a 
clinnper  foundation  than  any  other  typ*. 
Thla  arises  from  the  fact  that  with  any  ottaar 
form  of  construction  It  la  necessary  to  exca- 
vate to  tbe  solid  stratum  from  which  to  start 
the  concrata  pier,  or.  In  caso  of  timber  ptlea, 
li  Is  nccenitar}'  lo  excuvale  to  water  level,  to 
cut  oir  Uio  piles,  and  then  build  the  pier  from 
that  level.  These  facts,  coupled  with  tbe  rel- 
atlvu  bearing  power  ot  the  concrete  and  tim- 
ber pile  (Simple*  Concrete  Piles  having  bean 
tented  to  60  (oua  per  pile  without  any  iiettla- 
ment,  and  are  designed  to  support  25 
tons  each)  makea  a  foundation  ot  concreta 
pltds  from  Z[>  to  oO-.i  cheaper  than  any  othar 
type, 


TRAUK  CiTALoat'ES  AHD  PAMPBLET8. 
Uydraallc  Omcnt. 

HYDRAUUC  CBMHNT.—Wealern  Cement 
Co..  Z2T  W.  Main  SL,  I.au1itI|Io.  Ky. 
Paper:  3^  <  6  Ins.:  pp.  18. 
Tbia  booklet  conlalna  the  rcaulla  of  a  nutu* 
bcr  ot  recent  tests  on  the  "I^iulsville  Hydrau* 
He  Cement"  manufactured  by  this  company. 
This  ceniem  Is  a  natural  product,  belnB  made 
from  timeitono  and  shale,  and  la  noted  (or  Its 
light  color,  slow  rate  ot  aet  and  low  coat. 
It  la  claimed  that  It  will  meet  all  of  the  re- 
qulr«nienla  thai  may  be  exacted  from  the  blgb- 
eat  grade  of  Portland  cement,  and  lla  exten- 
sive use  In  street  pavement  (oundatlona  and 
general  masonry  coualructlon  Htrengtben  lia 
reputation  of  ihrfte-qunrtera  of  a  century  aa 
a  irustwortliy  material  tor  use  In  engineering 
structures. 

Steam  and  Compreaaed  Air  Met«n. 

STEAM    AND    COMPRESSED    Allt    METERS, 

ETC. — The    Sargent    Sieam     Meter    Co., 
13S0    Flrat    Nat.    Oank    Bldg..    Chicago. 
Polder:  S4  »  6  las.:  pp.  ^l  Illustrated. 
This   circular  lllustratea   a   number   ot   me- 
tering   devlcas    and    other    apparatus,    iraoBg 
ibem  being  metera  for  Indicating  the  voluma 
and  weight  ot  steam  or  air  Sowlnc  through  a 
pipe:  an  automatic  gas  calorimeter  Klvlng  val- 
ues In  B.  T.  V.  direct;  an  anglemeter  lor  Indi- 
cating tbe  angular  velocity  variation  from  thai 
ot  a  uniform  velocity  ot  a  Dywheel  during  one 
revDluUon;  a  dust  deterralnator  tor  aacerialu- 
iBg  tbe  amount  ot  dust,  moisture  and  tar  In 
manufactured    and    natural    gases:    a    dlrect- 
r«adln«  draft  gage:   and  an  Integrating  dyna- 


I 


2l6 


TECHNICAL   LITER.\TL"RE 


momecer.  which  is  read  weekly  or  moathly 
like  a  iras  or  water  meter.  DescriptiTe  cata- 
logs of  all  these  appliances  can  be  obtained 
by  addressing  the  company. 


STORAi;£    BATTERIES     FOR    STATIONARY 

f-'SE. — The  W«»»tinghou3€  Machine  Co.. 
E.  PtTrsb'ir?.  Pa.  Catalog  S-2.  No.  7y'.'>: 
la-i^rr.    *i    '    .*  in;*.;   pp.   4»):    illustrated. 

This  la'-aloiff  xives  descriptions,  cuts  and 
pric»?s  oi  "h*  ':^m?any"s  complete  line  oi  bat- 
r.er:es  li.-a.  -^irvtrs  showm;?  resuL:*  of  battery 
La.'*Tui.la::'in  ipcn  zeneraTor  loads.  A  line  of- 
3» ')ri.r-r-:a"r*rr  :nd  i.««'r:al-rj:lway  r.ncks  is 
a.ao   i*TiH  r:!ie<L 


E^.''}-::-.  ££=.::•:-:-  and  s^rveyisg  instru- 
ments.— Tht  B^iir  *  Buff  Manufactur- 
:az  Co..  Jimaica  Piain  Station.  Bost>.n. 
3Li.-«f.  Ca"-a.oe  No.  iT.  Paper;  «j  •  i# 
:n.t.     3p.   11 «     i.l  istratei- 

Thjs  aanili^m*?:.-  zotr.en  ip  cataloi;  is  de- 
"fjr.rzii  -o  ".ae  :1.  ijtracion  and  description  of 
rile  T-rril-inown  .:nr  of  hi;£h-?rade  en^neer- 
.n^.  i-.iT^'ii'in.z,  a.*tr'.nomi(:aI  and  mining  ia- 
if  ."i  ai»? n '--i  maa  I  :"ai :  1 1  reti  b y  'h::i  co  m  pa ny ; 
iU'.-n  id  '.raniii^-i*.  in»-odoi:tes.  levels,  sextanrs. 
■  :u.-r*:n".  3i»;»''Tri.  dividing  -ngines.  and  other  in- 
sxr'im»?n"s  of  pr»?«iision-  Many  poin's  of  es- 
^-itui.  -xceilencfc  a.*»*  4ta:«j.l.  prominent  among 
rht?m  leing  the  gr^ra"  -^re  exer*:ised  in  man- 
i;acrir»r.  Fouir-ien  :n:»inor  views  of  the 
zi'tT^i  m'-^r'isting  por'ir.n.-*  -jf  •h*^  shops  are  in- 

Thermic   Weldini^ 

THEr^IIT  *.VE:-D£N0  Pao*:ESSES.  — Gold- 
*«:am;d*.    Therm:*    lo..     v»    '.V^<r    Sr..    New 

Two      3U    i-r-.^j;.  Fiptl-.       yi?. 

::iisrra--rd. 


1     Jli        •-»■-.■ 


une  of  'a^sSfc  }ii.l»?t:ns  i-S4:ri:ie<  ire  ones. 
m«iids  ;-.r  w«t.«i:ng  .oi:om'-r:v«  frames  jy  -he 
riera::'  Tr':«:es*.  The  f u*.*  ess  i'.iaiaed  in  such 
wnrk  .td  th:s  ■.•:n«;em  *;  j-'^r'.ome  iro-i  ji-f- 
."Kime  ie'a-l.";  "vaich  w*^-*:  .r*-."!  "::»r  -.n  is«:  '."i 
■'^-xa'io'irf  leiar  This  ha:?  ;»r*rz  ioje  "»■  *..ie  i-r- 
v-:Gpm*r!i'  -J I  ir^  ')ri».*k  :iioida.  Appiiaiioes 
and  '\*-j:r  :''jr  i..  --U' h  repa:.~>  -i.-e  lis:-*:.  :-:- 
z«r".'i*rr  'V'.'.i  The  imoua's  or  '  *-hcrmi'.  jnd 
jjtvr*?:    -,'i?..-:i.ngs  ^Jr  -'tir'.ous  sizes    jf  re  pa :.---. 

The  i-r«  ond  j'il.»r"-:n  :rea'«j  'ri^'.-weLdia.:  Jl 
wrfj-w,^'  :.*•:■  c  a— d  ■?*-'r.  Tii)*:^;*  i^'i  rvos  "'.  '..lis 
pro'rer-i:.  The  \*ri.t.  .reri'it.ins  are  oa'^iaed 
and  'he  ne«?essary  •?»!  iipmen:  i»rSLri-jed.  '.\  is 
3ra-e*t  'ha*  *he  process  ;s  ::ot  aripii.ajlt  'or 
t  lijeh  ■:'  xore  "han  'i-;n.   dia-T-^-'er. 


Water  Filters. 

DOMESTIC  WATER  FILTERS.— Naiad  Filter 
Co..  Sudbur>-  BIdg..  Boeton.  Mas^.  Pa- 
per: o^fc    ■    7U  Ins.:   pp.  4:  illustrated. 

This  folder  briefly  sets  forth  the  advantages 
of  a  new  domestic  water  filter,  consisting  of  a 
metal  case,  in  which  is  placed  a  tablet  of  spe- 
cially prepared  filtering  material,  renewable 
at  a  trilling  cost  at  any  time. 

WaterpruoABg  Compownd. 

WATERPROOFING  COMPOL'XD. — Theodore 
F.  Koch.  SOL  Globe  BIdg..  St.  Paul, 
Minn.:  7^  Dearborn  St..  Chicago,  111.  Pa- 
per:  0^   *   >^  Ins.:  pp.  ^. 

This  pamphlet  sets  forth  the  properties  and 
advantages  of  Wunner's  Bitamen-Emulsion,  a 
thick,  black  fluid,  resembling  coal  tar  or  as- 
phaltum.  and  which  is  readily  and  perfectly 
miscibie  with  ctHnent  mortar  and  cement  con- 
crete for  waterproofing  purposes.  It  may  be 
applied  in  the  cement  mortar  mixture  on 
moist  walls  and  even  on  walls  of  masonry 
where  the  water  is  oozing  through.  It  is  said 
that  it  will  adhere  permanently  to  any  clean, 
rough  surface  of  stone,  brick  or  concrete,  but 
i'.  does  not  attach  well  to  an  oily  surface  or 
a  dirty  coating,  nor  to  unusually  amooth  sur- 
faces. I^.  is  claimed  that  any  wall  or  struc- 
ture, under  whatever  water  pressure  it  can 
withstand,  may  be  made  dry  by  applying  the 
biiimen  mo  rear  :o  either  the  outside  or  Inside 
sunace. 

Wood    Pipe. 

WOOD  PLPE.— National  Wood  Pipe  Co.,  San 
Francisco.  Cal.  Folder;  J^  ^  6  **  ins.; 
pp.   >;    illustrated. 

Describes  :he  machine- banded  pipe  made  by 
this  comiMn:-  in  sizes  'ip  to  IS  ins.  diame:er. 
2"  I'.,  long,  and  :or  pressures  up  to  300-ft. 
head.  The  staves  are  made  from  L^-ln.  clear. 
dr>  redwood  or  3r.  and  the  pipe  is  banded 
w  i  r  h  he  a  X  •.  :•  ^a  1  \  a  -a  i  .led  r«jd .  further  p  ro  tec- 
•.iou  jeiiir;  -;i^en  y}  v.oa::ng  with  hoc  asphalt- 
u:ii  -T  :a.*.  Cou-iuaous-stave  pipe  is  also  fur- 
nished :;  ■.:i:s  v.oaiiJa:i}  in  diameters  from  10 
:a&.  i-j  :\y  :■»  :*..  !Vi:5i  :»i^»e  is  always  built  !n 
pia..e  A.'.  :iia>.':->a'.  vi:i^  shipped  in  knock- 
do*:!  :>riu.  Thisi  vij'e  :s  constructed  to  with- 
s:-.i:i'i  :':-essii:»:>  u;*  'v  '  "i-tt.  head,  and  is  es- 
;'^\..a..:  ::  '-.vi  :o:-  li^  ::i  yower  plants  and  in 
•*.i  ■•  >:  >:-.i:.>  ■*.:♦.'.-  :*  .s  ie^^ired  to  deliver  a 
■a:-:^*:  ^•J.■.':.^■  -^i'  * .1  vi  i*  IS  easily  construct- 
,'\':  :::  '  le  iiios*;  ::iai.>v*«>il»ie  piac^*s,  is  durable* 
j:i«l  !i  vii.  'no  viieaiH*^:  '-"tiish  pressure  pipe  of 
a  .;•.     ::a:!i\.''-o:'    •■t?;a:!!a,^ie. 
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Thla  lDd<^x  I*  iDii'Ddeil  lo  cover  (ho  flelil  of 
injinkml  Iltcraiurf  In  u  munuer  tbat  will 
ash*  It  at  tb»  Krraiest  nse  lu  (he  greatest 
•iutib)ir — tlial  li.  11  oil!  endeavor  lo  list  all  the 
ardcla*  and  rommenl  of  lecrbulcnl  value  ap- 
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adaptabllllr  tor  a  aird-lndex.  which  engineers, 
ankltacu  and  other  technical  men  are  grad- 
sallT  caning  (o  coualder  aa  an  Indispensable 
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sire extra  copies  of  tbis  Index  In  order  to  have 
all  pages  available  tor  the  dipping  of  Kema 
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American  Builders  Review 

A  Journal  Devoted  to  the  Architects,  Contractors,  En- 
gineers and  Builders  of  the  Pacific  Coast. 

$6.00  per  annum   in  the  U.   S.— Other  Countries,   |6.00. 

Single  copies,  50  cents. 

643  Stevenson  St..  SAN  FRANCISCO,  CAL. 


The  Canadian 


Joomal 


Official  Organ  of  the  Dominion  and  Provincial  Unions  of 

Municipalities. 

Reaches  the  officers  of  EVERT  municipality  in  Canada. 

Monthly,  one  dollar  per  year;  ten  cents  per  copy. 

Room  29,   Alliance  Building, 

MONTREAL,  CANADA 


Gmipressed 


Monthly,  devoted  to  the  theory  and  practice  of  com- 
pressed air,  pneumatic  tools,  air  compressor  design,  air 
lift  pumping,   tunneling,   rock  excavation,   etc. 

10c.  per  copy.  $1.00  per  year. 

Published  by 

THE   COMPRESSED  AIR   MAGAZINE   CO., 

Bowling  Green  Bldg.,   NEW  YORK  CITT. 


Electric 


Review 


Best  edited,  most  up-to-date  and  rapidly-growing  jour- 
nal in  the  traction  field.  Published  every  Saturday.  Do- 
mestic. $2.00;  Canada,  $3.50;  other  foreign  countries, 
$5.00;  single  copies,  10  cents. 

THE  WILSON    COMPANY, 

160  Harrison  St.,  Chicago.  150  Nassau  St.,  New  York. 

1529  Williamson  Bldg.,   Cleveland,  O. 

Electrochemical  and  MetaBorgical  Industry 

Monthly.     Two    Dollars    per   year;    25   cents    per   copy. 

Gives  accurate  and  authoritative  information  on  develop- 
ments and  engineering  practice  in 
ELECTROCHEMISTRY  in  all  its  branches. 
METALLURGY  and  MINING. 
CHEMICAL  ENGINEERING. 
A    most    valuable    Journal    for   progressive    Engineers, 
Superintendents  and   Works  Managers. 
Address:   237  West  89th  St,   NEW  YORK  CITY. 

Engineering-G>ntracting 

A  Weekly  Journal  for  Civil  Engineers  and  Contractors; 
with   which   Is   incorporated 

ENGINEERING  WORLD  and  CONTRACT  NEWS. 

Established  1891— Every  Wednesday— $2  a  Year. 

Single  copies  10  cents. 

353   Dearborn   St,   CHICAGO,   ILL. 


News 

A   Journal   of  Civil.   Mechanical,   Mining   and   Electrical 

Engineering. 
Weekly,  $5.00  per  year;   single  copies,   15  cents. 

Published  every  Thursday  by 

THE  E;NGINEERING  news  PUBLISHING  CO., 

220  Broadway,  NEW  YORK. 


Maganne 


A    Monthly    Magi|sine    on    Industrial    Engineering    for 
Engineers  and  Contractors. 


Single  copies  10  cents. 


One  year  $1.00 
21  Park  Row,  NEW  YORK. 


The  Iron  Afe 


A    Journal    of    the    Iron,    Steel,    Metal,    Machinery   and 

Hardware  Trades. 

Subscription  Price,  $5.00  per  year  in  the  United  Statai 
and  Mexico;  $7.50  in  all  other  countries.     Single  copies 


15  cents. 


DAVID  WILUAMS  CO., 

14-16  Park  Place,   NEW  YORK. 


Ores  and  Metab 

A    Semi-Monthly    Review    of    Progress    in    Mining    and 

Metallurgy. 

$2.00  a  year.  10  cents   a  copy. 

DENVER,  COLO. 


The  Railroad  Gaiette 

TRANSPORTATION— ENGINEERING— RAILROAD 

NEWS. 
Weekly,  $5.00  a  year  to  the  United  States  and  Mexico; 

$6.00  to  Canada. 

Single  Copies,  15  Cents. 

New    York.  Chicago.  London. 


The  Raihvay  Afe 


Leader  and  acknowledged  authority  In  all  steam  rail* 
way  matters.  Published  every  Friday;  over  2,000  pages 
a  year.  Domestic,  $4.00;  Canada,  $5.60;  other  ftveign 
countries,  $6.00;  single  copies,  10  cents. 

THE    WILSON   COMPANY, 

160  Harrison  St,  Chicago.         150  Nassau  St,  New  Yoik. 
1529  Williamson  Bldg.,  Cleveland,   O. 


Roadmaiter  and  Foreman 

SteUblished  1886. 

For  Roadmasters  and  Foremen,  Engineers  and  Super- 
intendents of  Maintenance  of  Way,  Superintendent!  uii 
Foremen  of  Bruges  and  Buildings. 

Monthly.  $1.00  per  year;  single  copies,  10  oenti. 

853  Dearborn  St.  CHICAGO,  ILL. 
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Th«   Building  of  Aiiioiiiobll«   Bodies.      B. 
~     "  Wuod    Crafl — Sept,    07.       4    Hs*. 

20r.      DIkcubwb    the    manutacture 
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r  VMM. 

A  New  ].O00-lb.  BrlUah-Built  Delivery 
FftB.  Conm  Hotor — Aub  I  07.  2  nga. 
lltOf  «.     40c. 


Prindplea  and  Daia  for  tbe  Con- 
rvrtlOB  of  Automobiles.  E.  Vs  ten  line. 
-Aug  24  OT.  SO  DsB.  8500  w.  GOc. 
I  In  tbe  DestgD  of  a  Four- 
Crlladar  Hotor  Car.  Prac  Bngr — Aug  9  07. 
•  Bern.  3300  w.  lOr.  Continued.  The 
front  axl»:  ateerlnK. 

Son*  Trvuds  of  Modem  Automobile  De- 
«tca — IV.  Victor  Lougbead.  Motor  Age — 
Aa«  IS  »7.  II  llBB.  S900  w.  20c.  OiRer- 
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C«r«.— XI,  Mecb  Wld— Aug.  2.  07,  2  flgs. 
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staggered  solid  rubber  pads. 
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Newt— Aug.    8.    07.      700    W,      20c. 
Arch  Design. 

InRuence    Lines    In    Arches    for    Various 
Loadings.     P.  Koegler.     Zent  d  Baoverwalt 
— July   24,  07.      10   flgs.      1000   w.      40c 
Brklse  Deslcn. 

The  Proportioning  of  Bteol  Railway 
Bridge  Members.  Henry  S.  Prlchard.  Proc. 
of  Soc.  of  Bnglaeers.  Western  Pi-nna.  15.000 
w.  60c.  Advance  printing  ot  an  eitendMl 
paper  on  (be  subject. 


222 


TECHNICAL  UTERATURE 


The  Design  of  Timber  Howe  Trusses.  R. 
Balfour.  Eng  News — ^Aug.  29,  07.  2  figs. 
2000  w.     20c. 

Bridge  Fallnres. 

Failure  of  Masonry  Arch  Carrying  Brie 
Canal  over  Onondaga  Creek,  Syracuse,  N. 
T.  Eng  News — ^Aug.  8,  07.  6  figs.  2500  w. 
20c. 

The  Locust  Point  Pier  Collapse  in  Balti- 
more. Eng  News — ^Aug.  8,  07.  2  figs.  900 
w.     20c. 

Erection. 

Cost  of  Erecting  a  Draw  Bridge  ot  236 
Ft.  Span.  Eng-Contr — Aug.  21,  07.  600 
w.     20c. 

Details  of  Derrick  Car  and  Methods  of 
Work  Adopted  for  Erecting  a  Railway 
Bridge.  Roadmaster  &  Foreman — July,  07. 
2  figs.  2400  w.  20c.  Describes  in  detail 
the  construction  of  a  home-made  derrick 
car. 

Economical  Methods  of  Highway  Bridge 
Construction.  Eng  Rec — Aug.  24,  07.  4 
figs.  2800  w.  20c.  Discusses  the  use  of 
adjustable  falsework,  hoists,  etc. 

Methods  and  Cost  of  Constructing  Six 
Crib  Piers,  Three  Howe  Truss  Spans  and 
One  Steel  Draw  Span.  Eng-Contr — July  31, 
07.     1000  w. 

Notes  on  the  Erection  of  Bridges.  Ry 
Bngr — Aug.,  07.  4  figs.  3100  w.  40c. 
Floating  out  on  pontoons.  Rolling  out  con- 
tinuous girders. 

Highway  Bridge. 

The  Highway  Bridge  over  the  Rhine  be- 
tween Ruhrort  and  Homburg.  W.  Deitz. 
Z  V  D  I — Aug.  10,  07.  45  figs.  3400  w. 
60c. 

Lift  Bridges. 

American  and  German  Electrically  Oper- 
ated Lift  Bridges.  Frank  C.  Perkins.  Ind 
Mag — Aug.,  07.     12     figs.     1600  w.     20c. 

Double  Bascule  Bridge  at  Duisbourg. 
Engr — ^Aug.  9,  07.     7  figs.      1900  w.     20c. 

Quebec  Bridge. 

The  Quebec  Bridge:  Superstructure  De- 
tails. Eng  Rec — Aug.  3,  07.  3  figs.  1200 
w.  Aug.  10,  1400  w.  Aug.  24,  4  figs.  1500 
w.  Each  20c.  Aug.  3:  Diagonal  members; 
Aug.  10:  Anchor  arm  bottom  chords;  Aug. 
24:   Transverse  bracing. 

Reinforced-Concrete  Bridges. 

A  Warped  Surface  Reinforced-Concrete 
Bridge.  1  fig.  600  w.  20c.  Describes  the 
automobile  race-course  at  Weybridge,  Eng- 
land, where  records  have  recently  been 
broken. 

Cost  of  Reinforced-Concrete  Arch  Bridges. 
George  P.  Carver.  Eng  News — Aug.  22,  07. 
2  figs.  900  w.  20c.  Gives  itemized  cost 
of  constructing  arches  from  50  to  100  ft. 
span  for  electric  railway  purposes. 

Three  Light  Reinforced-Concrete  Arch 
Bridges  at  Venice,  Cal.  Paul  H.  Ehlers. 
Eng.  News — ^Aug.  20,  07.  4  figs.  1300  w. 
20c. 


Tliebes  Bridge. 

The  Thebes  Railroad  Bridge.  Chas.  A. 
Byers.  Ind  Mag — ^Aug.,  07.  5  figs.  1000 
w.  20c.  Describes  a  5 -span  continuous 
steel  bridge  OTer  the  Mississippi  River, 
which  is  a  type  of  the  best  modern  construc- 
tion. 

Trestle. 

A  Pile  Trestle  Erected  with  a  Pivotal 
Pile  Driver.  R.  Balfour.  Eng  News — Aug. 
15,  07.  4  figs.  7100  w.  20c.  Describes  a 
pile  driver  for  driving  inclined  piles  with 
the  butts  down. 

Walnut  Lane  Bridge,  Philadelphia. 

Moving  the  Centering  of  the  Walnut  Lane 
Arch  at  Philadelphia.  Eng  News — Aug.  15, 
07.  2  figs.  1100  w.  20c.  Describes  meth- 
ods used  on  a  bridge  arch  of  232  ft.  span. 

The  Walnut  Lane  Bridge,  Fairmount 
Park,  Philadelphia.  Eng  Rec — Aug.  31,  07. 
8  figs.  6400  w.  20c.  Describes  the  meth- 
ods employed  in  eonstructing  a  concrete 
arch  of  233  feet  span. 

Viaducts. 

Armored  Concrete  Viaduct  at  Deurne- 
Merxem  (Holland).  Engr — Aug.  9,  07.  9 
figs.     3200  w.     40c 

Curved  Girder  Approach  Viaduct  of  the 
Austerlit^  Bridge  over  the  Seine.  R.  Bon- 
nin.  Eng  News — Aug.  15,  07.  12  figs.  4600 
w.  20c.  Describes  this  two-span  steel  via- 
duct and  g^ves  in  an  appendix  the  general 
theory  of  horizontally  curved  beams. 

Richland  Creek  Viaduct,  Indianapolis 
Southern  Railway.  Eng  Rec — Aug.  3,  07. 
2  figs.  900  w.  20c.  Describes  a  single- 
track  viaduct,  7  miles  from  Bloomfield,  Ind., 
with  a  steel  superstructure  132  ft.  in  maxi- 
mum height  and  2,215  ft.  in  length. 

The  Genesee  River  Viaduct,  Erie  R.  R. 
Eng  Rec — Aug.  31,  07.  6  figs.  2200  w. 
20c. 

EARTHWORK*    ROCK    EXCAVATION*    ETC. 

Earthwork  Computation. 

Diagrams  for  Earthwork  Computation. 
Eng  News — Aug.  15,  07.  1800  w.  20c. 
Communication  from  J.  C.  Trautwine,  Jr., 
giving  logarithmic  diagrams  and  examples 
of  their  use. 

Overhaul. 

Calculation  of  Overhaul. — I.  Can  Cem  & 
Concr  Rev — Aug.,  07.     1  fig.     1500  w.  20c. 

Rock  Crasher. 

Breaking  Piece  for  a  Swinging-Jaw  Rock 
Crusher.  Gilmour  E.  Brown.  Eng  News — 
Aug.  15,  07.     1  fig.     500  w. 

Rock  Excavation. 

Cost  of  Drilling  and  Blasting  Soft  Shale 
Rock  Under  Water;  Using  Drill  Boats  at 
Ashtabula  Harbor,  Ohio.  Engg-Contr — Aug. 
7,  07.     800  w. 
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Method    o(    Euavatlni    Rock    In    Lui* 

JMiii,     OMrs*  C.  McPftrline.     Kng  A  Ula 

-Aug.  S,  OT.     SfiOO  w.     JOc.     Deuila  «x- 

>  la  bMvr  Kranlte  eicmvatloD  on  tbe 

I  o(  Um  Ormnd  Trunk  PaolOc  Railroad  In 

1  BorUi  ol  tbe  Lake  of  Ihe  Wooda. 


fUUlBlBC  tb«  aide*  of  a   LarB«   Girava- 
~   I  R«c~Aug.  2*.  07.     2  HgB.     ISOO 
OMcrtbw    tnetboda   used    In    the 
oo  ot  Bleel  frame  bulidlng  Id  New 
Tork  Cltr. 


Madtlaea  tor  DIkkIdk  TrencbeB  and  Orad- 
tmc  Roada.  Prank  C.  Perkins.  Mun  Bngg 
— Anc.  OT.     I  flsa.     1200  w,     20i:. 

Coat  of  Trenchlni.  PIpela^InK  and  Backlll- 
Ubc  tor  Pip*  Sewer  Construction  at  Center- 
Tllle.  la.  Eng-Contr— Aug.  21,  OT.  5000 
«.     10c 


BfGIMCKfUXa  CONSTKVCnON. 


Oottftmctloa  Work  on  Jones  ft  Laugta- 
lias  New  Steel  Plant.  Charlei  M.  Rlpl«y. 
lod  WM — Aufr  19.  OT.  T  Bgs.  4100  w. 
X*e.  Qhrea  a  detailed  description  of  exca- 
vadoa  for  blast  furnaces  done  by  steam 
lka**li  uid  bow  the  material  wm  bandied. 

CoBslructlon  Work  an  a  Steel  Plant. 
Chaa.  H.  Ripley.  Ind  MaB-^Aug..  07.  12 
flga.  ZHOO  w.  10c.  Describes  a  prellml- 
karr  work  on  new  Joues  &  Lausblln  plant. 
Allqnlppa   Park.   Pa. 

Coat  of  aiiop  OrawlogB  for  Structural  Iron 
■■d  SteeL  Ralph  H.  Gage.  Bng  -News — 
Aug.  S.  OT.  1800  w.  JOc.  Olves  data  for 
li  atractnrea  of  various  claaaes. 

Model  Plant  for  Handling  Concrete. 
Ctertaa  H.  Ripley.  Cem-Bra— Aug.,  07.  7 
>■>.  4S00  w.  lOc.  Sets  forth  Interesting 
taatMraa  of  foundation  work  for  steel  planta 
■t  AUqalppa  Park.  Pa. 

Th«  Construrilon  ot  the  New  York  Cen- 
trml  OtHt*  Building.  New  York.  Bng  Reo — 
Aug.  It.  07.      1   Kg.      3900  w.      20c 

Tba  Dealgn  and  Construction  of  Indus- 
trial Balldlnga.  D.  C.  Newuian  Collins. 
BBC  Mag— Sept..  07.  U  Qgs.  S&OO  w. 
«•& 

Tbo  Hudaon  Coropanlea'  Building,  New 
Toffe.  Kng  Rec— Aug,  3,  07.  5  IIkb.  3100 
V.  tOc  Deacrlbea  atructural  delaila  o[  the 
towB-town   New  Jeraey  terminal. 

TIM  Montgomerr  Ward  Warehouse.  Cbl- 
ugo.  A.  M.  Perrr.  Cone  Engg — Aug.  IG. 
•7.  14  Oge.  1600  w.  lOc.  Describes  con* 
■tractkn  of  tba  largast  concrete  building  In 


The  New  Warehouse  of  the  N««iark  War*< 
house  Company.  Bng  Reo — Aug.  10,  07.  4 
figi.  4S0O  w.  20c.  Descrlbea  construc- 
tional details  of  a  large  S-storjr  reinlorcod- 
concrete  building,  eubodrlng  novel  features 
In  warebuuite  design. 
ClilninrrR. 

Stresses  In  Chimneys.  A.  Leon.  Z  V  D  I 
— Aug.  17.  07.  I  Og.  1200  w.  60c.  Dll- 
cusaes  the  slreases  In  chimneys  due  to  the 
varying   temperatures   at    different    polnta. 

The  Bubiltty  of  Factory  Cblmneya.  U. 
Muefler-Breslau.  Zent  d.  Bauverwalt — Aug. 
21.  OT.      1   Og.      4000  w.      40c. 

A  Buiiresaed  Concrete  Dam.  Bng  Reo — 
Aug.  24.  OT.  3  dgs.  2800  w.  20c  De- 
scribes the  dam  of  tbe  Beacon  reaervoir  at 
Matteawan,  N.  Y. 

Movable  Crest   Dam  at  tbe  Water  Poi 
Development   ot   the   Chicago   Drainage 
nal.     Bng  Rec — Aug.  24,  uT.     4  Hge.     fl 
w.     20c 

ReconatrucUon  of  n  Masonry  Dam  for 
creased  Depth  ot  Storage.     lEng  News^Aoc 
2),  OT.     2  flgs.     lOOO  w.     20c. 

Specin  call  one  for  the  Main  Dams,  Aabo- 
kan  Reservoir,  New  York  City  Water  Sup- 
ply. Bng  News — Aug.  1.  OT.  4  Bgs.  S700 
w.     20c 

Tbe  CoDBtructlon  of  the  Dam  ol  the  Ne- 
vada-California Power  Co.  Bng  Kec — Aug. 
3.  07.  3  flgs.  1600  w.  20c.  Describee 
a  loose-rock  dam  about  1300  f«et  long,  and 
7&  feet  high,  now  under  construction. 
Relnforred-Ooilrrele  OonstnictlOta. 

A  System  ot  Reinforced  Concrete.  Engr — 
Aug.  23.  07.  2  tiga.  1100  w.  40c  De- 
scribes a  new  Bngllsh  system  for  which  a 
number  of  advantages  are  claimed. 

Coat  of  Small  Concrete  CulverU.  Alex 
R.  Holllday.    Eng  News~— Aug.  6,  07.     1  Bg- 


■ 

kng.       ■ 


BOO  < 


20c. 


Design  ot  Reinforced -Concrete  Structures: 
Flat  Top  Culveru.  Waller  W.  Colpltia.  Ry 
Age — Aug.  16.  07.     6  Bgs.     1000  w.     lOc. 

Economics  of  RelBforced-Concrete  Floor 
Slabs.  A.  B.  BIdell.  Bng-Conti^-Aug.  14. 
07.     4  Bgs.     1400  w.     2«c 

Oravel  Screening  and  Washing  Plants. 
Eng  News — Aug.  I,  07.  3  Bgs.  3300  w. 
20c. 

Notee  on  Relnforced-Concrete  Designing. 
Bng  Rec — Aug.  3,  07.  1  flg.  3300  w.  10c 
Appendixes  to  the  Brltteh  ArcbltecU'  RalB- 
forced -Concrete  rules:  Bach'a  slab  theory, 
comparison  of  slab  formulas,  momenta  of 
Inertia  and  ratio  of  moduli  of  elasticity. 

Something  New  and  BtfeciWe  In  Mono- 
lithic Concrete  Constnictlon.  Concrete^ 
Aug-.  OT.  e  flgs.  2100  w.  aoc.  Describee 
the  use  of  a  novel  steel  plank  holder  which 
does  away  with  the  neceaalty  ot  covering 
tbe  whole  extent  ot  the  work  with  lumber. 

The  Coat  of  Small  Concrete  Cnlverta. 
E&g-Contr— Aug.    18,    07.      1    flg.      SDO 
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Qnphlul  Mrtliod*  for  CalrulaUnR  the 
D*aKilona  of  Beam*.  B.  AraBOn.  G6dI« 
CHU— Au(.  11.  07.      4   ngs.      3000  w.     «Ur. 

IiinatlB«Uon  of  Ulstrt button  of  Loads 
Dv«r  8Ub«.     iDd  Mag— Aug..  07.      1300   w. 

SfMdr  of  MiOcrUU. 

On  tb«  Study  of  Materials.  Eue  News — 
Aug.  S».  07.  1000  w,  tOc.  An  editorial 
•rxuiDcnt  for  recoKnItloD  of  the  linportaDt 
plu*  whldi  tlie  kDowledgo  of  materials 
koM*   In   tb«   engineer's   life. 


CSosM  of  Decay  In  Timber.  C.  W.  Berrjr. 
1I«B  Bngc — Aug.,  07.  1 600  w.  Paper 
read  b«fer«  the  V.  B.  Wood  Precervlns  As- 


Tb«  Wood-aUTS  Pipe  Line  of  Ibe  Madl- 
•m  RlTer  Companr.  W.  E.  Belcher.  Bng 
*  Mln  Jl — AttK.  24.  07.  I  flg.  2000  w. 
SOe. 

Wooden  SUve  Pipe.  W.  C.  Hawley. 
Wood  Craft — Sept.,  OT.  8  flgs.  7700  w. 
SOe.  Kztncta  from  a  paper  discussed  by 
Benben  of  the  Bndneers  Society  of  West- 
on P«na.  and  reported  tn  their  Journal. 

RIVERS,   CAN.il^.    HARBORS. 

Sto«M  Breakwater  Construction  m  Hii- 
ros.  Ohio.  Wllmo  T.  Howe.  Bng  News — 
Aor  31.  07.      3  flga.      MOO  w.      20c. 


The  Maritime  Canal  Connecting  Bruges 
EBd  Zoebrugge  (Belgium),  tbe  Breakwater 
and  other  Harbor  Improvements.  A.  Du- 
Baa.      a«nle   CIvU—July    20.    07.      26    flgs. 

MOO  w.    eoc. 

Tlio  Royal  Commission  of  Canals  nnd 
Waterways.  Engr^AuK,  2.  07.  2  flgs. 
1700  w.  40c.  VIII. — Gives  particulars  In 
recard  (o  the  Birmingham  and  Ibe  Shrop- 
tklrK   Union  canal   systems. 

Geo  of  Coment  on  Great  Panama  Canal. 
Wal4en  Pawcett.  Cem  WId— Aug.,  07.  S 
■0.     SCOO  w.     20c. 


Ilrcdglng  Work.  Keporta  for. 

A     Report    Card    Syatem     for     Dredging 
Work.      En|.   Newa — Aug.   22.   07.      2    flgi. 
1120  w.     SOc 
FloaUns  Dock. 

Floating  Dock  tor  Trinidad.     Bngg^uly 
26.    07.      700    w,      40c.      Deacrlbea   a    new 
type  ot  self-dockInK  floating  dock. 
Flood  PrcYMiiion. 

Destruction  of  Debris  Barrier  No.  1.  Yuba 
River,  Cal.  E.  C.  Murphy.  Eng  News — 
Ang.  S.  07.  3  flgs.  ZSOO  w.  ZOc.  Olva* 
delalla  of  barrier  for  holding  bach  mining 
debris  which  was  recently  destroyed  by  oo- 
dermlntng  due  to  flood*. 

Floods  and    Means   of   Their    Prevention. 
T.   P.    Roberts.   From  tbe  July   Proceeding 
of  the  Engineers'  Society  of  Weetern  Peopa. 
1  fig.     eOOO  w.     60c 
Klpnipplng  Cribs,  Ctmt  of. 

Cost    of    RIprapplDg    Cribs    with    Break- 
water Stone.     Eng-Contr — July  31.  07.  BOO 
w.     ZOc. 
River  Wave*. 

ProgreaalTe    and    Stationary     Wavea     In 
Rivers.        Vaughan     Cornish.       Engg — July 
26,    07.       3000    w.       (Op.       I. ^Progressiva 
waves  In  rivers  caused  by  added   water. 
Hi'a  Wall. 

Sea  Defence  Works  at  Hornsea.  Eagr — 
Aug.  9.  07.  10  flgs.  2000  w.  10c.  Glvea 
details  of  a  recently  erected  concrete  aea* 
wall. 

Siphon  on  Irrigation  Canal. 

A  Rein  forced-Concrete  Siphon  on  an  Irri- 
gation Canal  In  Spain.     Eng  News — Aug.  1, 
08.     9  flgs.     1900  w.     SOc. 
West  Neeblah  ChanDcI. 

The  West  Neeblah  Channel  of  the  St. 
Mary's  River.— I.  Eng  Roc^Aug.  3.  07,  3 
flgs.  leOQ  w.  Aug.  10.  6  flgs.  3600  w. 
Each  20c,  Describes  the  nearly  completed 
Improvement  of  the  West  Neeblsb  Channel 
which  connects  Lake  Superior  and  Lake  Hu- 
ron,  Including  the  methods  used  In  excavat- 
ing and  handling  the  material. 


ECONOMICS 


I  SfMwllkallons. 

'   Contracts    and    Spec  IB  cat  Ions 
I  a  Contractor's   Point  at    View.   James 
.    RoUIna.    Jr.      Jl    Assoc,    of   Engg   Soce — 
Ijtlly.   07.      7600   w.      SOc. 

I  Accnaaltng. 
An  Kconomlcal  and  Prscilcal  Coct  Sys- 
U«.  B.  A.  Franklin.  Am  Mach~.\ug.  ». 
07.  1400  w.  Deecrtbes  a  simple  and  et- 
facdva  shop  HMt-syaiem  tor  machine  bulld- 
•n,  tba  form*  used  nnd  Its  Installailon  In 
•  betory. 


Tbe  Expense  of  Bualuees.  Wm.  H.  Tay 
lor.  So  Macb— Aug..  07.  1S00  w.  A  pa- 
per read  before  the  annnal  convention  of 
Machinery   Manufacturers  at  CInclnnail. 

Tbe  Figuring  of  Factory  CoaU.  Chaa. 
Cloukey.  Wood  Craft^Sept..  07.  2600  w. 
SOc.  Dlscuaaea  some  ot  the  considerations 
that  sReci  the  keeping  of  a  cost  syslem  nnd 
whereby  It  stands  or  falls. 

What  Constltuiee  Cost  of  Production.  T. 
E.  Webner.  Ir  Tr  Rev^ — Aug.  1.  07.  3200 
w.  SOc.  Elerenlh  ot  a  >«rlea  of  article* 
on   cost   keoptng 
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th/t  oAee  work. 
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I  E]llp4lc  Nickel  Anode.     A.  Frederick 
_   lUM.      Inn    As* — Auk.    22,   07.      3    tf. 
I  >•«•     V.     Z0«.      DcHKrlbe>     an     Konomlcal 
M*  tor  alckd  pUUnK. 


Ovtmnluilloo  of  the  site  or  a  Storag* 
f  B«ll«rr  tor  ■  OUen  Load  Curve.  W.  Peuk- 
'  wn.      Kick  Z«lt— July    18.   07.      3   flgB.   2000 


KLKCntOPHVaiCS. 


Th*     Electroauilc    Capacity     Between     a 
Vartlcal   Motaillc  Cylinder  aod   the  Oroiind, 
A.  B.  Kennelly  and  3.  E.  WbltlDg.      El  Rev 
^Auf.  2.  07.     I  Bg.     1200  w.     10c. 
Bddr-41irrrMi    UiaM«. 

Eddy -Current  I^oaaea  In  Allernatora   with 
u    Elliptical    Routtas    Field.       R.    Ruden- 
b«^.      EIek   u   Uaacti— July   T.   07.     3   Okb. 
3  HO  tr.     COc 
BMtrte  Wan*. 

Th*   Propatatlon  of   Blectric   Waves.     El 

iu>— Aus.  t,  07.    s  fles.    seoo  w.    lOc. 


LXjckUloK  Phenotnena  In  the  Clouda. 
Ck&rlaa  F.  Sielnaieti.  Bl  Rev — Aus.  3. 
•1.  1400  <r.  10c  From  an  address  de- 
tt««ted  before  ihe  National  Electric  Light 
AMOdkllon.  WuhltiKtou.  June  Ifith. 


NoU  on  OadllOKraphlc  Study  of  Low- 
FraquMier  Osctllatlng  Area.  J.  T.  Morria. 
Bl  tbn—Avt.  9,  07.  21  flgs.  3S00  w. 
(•c  Papar  r«ad  before  Section  Q.  British 
%  meeUng,   Lelc«Htcr.  July  30. 


.TORS.   MOTOHB,    TR.l.\»Ft>BMER8. 


Motor  Compensation  tat 
CurrvBta.  Clarence  p.  Fowler,  EI. 
WU — Ang.  10.  07.  t  Qg*.  5300  w.  30c. 
Staiaa  aome  of  the  underlying  principles 
vfelcli  gOTem  the  operation  of  auch  appa- 
tataa  when  uaed  for  power  aervlce. 

The    trae   of   the    Synchronous    Motor    as 
Comp«naaior     R.     B.      Hellmnnd. 
Z«lt — Aug.  1.  07.     2500  w. 


The  Storting,  Regulating  and  Stopping 
CoDttnuoue  Current  Motors.  John 
Mould.  El  Engr — July  2«,  07. 
48Q0  w.  Aug.  9,  3  flga.  6000  w.  Each 
40c.  Paper  read  before  Ihe  Aaaoctatloa  of 
Engineers  In  Charge. 


>iiig  of        ■ 
m      T.         1 

E     tin.  ■ 


Ctrmlaf  Cvrrant  Loci  of  the  Sysehronous 
A     S.    McAllister.     Bt    Wid— Aug. 
i  Ogs.     4300  w.     30e. 
tnraranoiiB  Motors  tor  Improving   Pow- 
•r^^rtor.      William     Nesblt.     El     J  I— Aug. 
IT.      I   flga.      4100   w.     tOc 

n*  Propertle*  ot  Various  Types  of  Sin- 
fiirltMa*  Motors.  Considered  from  a  Cotn- 
Mc  Psint  of  View.  H.  Ooergu.  Elok 
Ml — Jnly  tt.  07.  13  Bgs.  5000  w.;  Aug. 
I.  *1.     IX  Bga.      1000  w.     Bach  40c. 


A  Home-Made  Alternating  Current  Rectl- 
Ber.  William  F.  Unt.  8c  Am— Aug.  14, 
07.      1  Bg.      2100  w.      20c. 

HolaiT  Converters. 

Hunting  In  Roury  Converters.  Norman 
Q.  Meade.  El  Wld^Aug.  3,  07.  B  fisa. 
1400  w.      30c. 

Synchronlalng. 

The  Synchroscope.  8.  R.  Dodds.  El 
WId — Aug,  17.  07.  3  Bgs.  1300  w.  SOc. 
Olvee  the  fundamenlal  principle*  ot  oparat- 
tng   the  apparatus. 

Tnuisfonner. 

The  Use  of  Transformers  as  Adjustable 
Resletancea.      El     Engr — Aug.      16.     07.      I 


UGHTIKO. 

iJenrIc  UghllBg   In  Ocmmmj. 

Bieclrk  Llgbtlne  >n  Oeriuany.  Phil.  0. 
Kllngenberg.  West  Elocn — Aug.  17,  07. 
4S0O  w.  SOc.  Pnper  read  before  the 
Washington  convention  ot  the  National 
Electric  Light  Association,  July  4-7, 

IllDiniiutlon. 

The  Concepts  and  Terminology  of  Itlu- 
mlnatlDg  engineering.  Dr.  Clayton  H. 
Sharp.  El  Rev — Aug.  10,  07.  3900  w. 
20c.  Presidential  address  delivered  at  the 
convention  of  the  lUuroinating  Engineering 
Society,    Boston,    July    30. 

The  Elements  of  inelBclency  In  OlBused 
Lighting  Systems.  Preston  S.  Miller.  West 
Elecn~Aug.  10.  07.  1  flg.  2600  w.  SOc. 
Abstract  ot  a  paper  presented  at  the  conren- 
tion  of  the  lllumiaating  Engineering  Sod- 
ety.  Boston.  July  30. 

Inrande»cenl    Lamps. 

Experiments  on  Osram.  Wolfram,  Zircon 
and  Other  Lamps.  J.  T.  Morris.  F.  Stroude 
and  R.  M.  Ellis.  Elecn— ^uly  16.  07.  B 
flga.  2400  w.  4Dc.  Olves  reoulta  of  re- 
searches on  the  physical  properties  of  re- 
cent metallic  Qlament  lamps. 

Oovernment  Incandescent  Lamp  Speclflca- 
tlona.  Bl  WId— Aug.  3.  07.  3200  w.  10c 
Olvee  BpeclBcatlons  adopted  by  the  Associa- 
tion of  Government  Electrical  Bnglneera. 

The  Improvement  ot  the  Incand«ec«nt 
Ijtmp.  R.  Mllward  Ellis.  El  Bacr — July 
13,   OT,      ISOO   w.      40c.     Concluded. 

Magnetite  Arc  l.amp. 

The  Magnetite  Arc  Lamp.  Bl  Bogg — Julf 
25.  07.     fi  flga.     3300  m.     40c. 
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Mercury  Arc  Ijamp. 

Calculation  of  the  Illuminating  Power  of 
the  Mercury  Vapor  Lamp.  K.  Norden. 
Blek  Zeit — Aug.  1,  07.  4  figs.  3000  w. 
40c. 

The  Mercury  Arc  and  its  Technical  Appli- 
cations. J.  Polak.  Blek  Zeit — July  25,  07. 
13  figs.  6000  w.  40c.  III.  The  Mercury 
Rectifier. 

Photometry. 

A  New  Comparison  Photometer.  Charles 
H.  Williams.  Am  Gas  Lt  Jl — Aug.  19,  07. 
1200  w.  20c.  Describes  a  compact  and 
portable  instrument  for  measuring  the  light 
reflected  from  surfaces,  such  as  the  walls 
of  a  room,  etc.,  in  order  to  determine  wheth- 
er one  method  of  lighting  is  better  than 
another.  A  paper  read  at  the  Boston  Meet- 
ing of  the  Illuminating  Engineering  Society. 

Illumination  Photometers  and  their  Use. 
Preston  S.  Miller.  Am  Gas  Lt  Jl — Aug.  19. 
07.  12  figs.  10,000  w.  20c.  A  paper 
read  at  the  Boston  meeting  of  the  Illuminat- 
ing Engineering  Society. 

Primary,  Secondary  and  Working  Stan- 
dards of  Light.  Edward  P.  Hyde.  W 
Elecn — Aug.  24,  07.  1700  w.  20c.  Ab- 
stract of  a  paper  presented  at  the  convention 
of  the  Illuminating  Engineering  Society, 
Boston,  July  30. 

Tbe  Luminometer  Method  of  Inspecting 
Street  Arc  Lamps.  C.  S.  Downs.  West 
Elecn — Aug.  17,  07.  1  fig.  1300  w.  20c. 
Abstract  of  a  paper  read  before  the  Internat. 
Assn.  of  Munic.  Electricians,  Norfolk,  Va. 

The  Use  of  the  Spherical  Photometer.  R. 
Ulfricht.  Elek  Zeit — Aug.  8.  07.  4  figs. 
7000  w.      40c. 

PLANTS    AND    CJKNTRAL    STATIONS. 

Finance. 

The  Financial  Side  of  the  Central  Station. 
A.  D.  Williams,  Jr.  El  Wld — Aug.  3,  07. 
3500  w.  20c.  Discusses  replacement 
charges  due   to   depreciation,   etc. 

Municipal  Lighting. 

Municipal  Electric  Lighting.  Ernest  S. 
Bradford.  Mun  Jl  &  Engr — Aug.  21,  07. 
7000  w.  20c.  Gives  an  analysis  of  present 
conditions  and  statistics  in  the  United 
States  showing  the  relative  growth  of  pri- 
vate and  municipal  plants. 

Power  from  Refuse  Destructor  Plants. 

Power  from  Refuse  Destructor  Plants  for 
the  Generation  of  Electricity.  G.  Dettmer. 
Elek  Zeit — July  18,  07.  5  figs.  7000  w.  40c. 


TELEGRAPHY  AND  TELEPHONY. 


Poles. 


Cost  of  Making  and  Setting  Concrete 
Bases  for  Wood  Poles.  Eng  Contr.  300  w. 
20c. 


Experiments  With  Concrete  Telegraph 
Poles.  G.  A.  Cellar.  El  Rev.  2400  w. 
A  paper  read  before  the  convention  of  the 
Association  of  Railway  Telegraph  Superin- 
tendents, Atlantic  City,  June   19-21. 

Seasoning  of  Telephone  and  Telegraph 
Poles.  Henry  Grinell.  El  Rev — Aug.  17, 
07.  5400  w.  20c.  From  a  circular  of  the 
United  States  Department  of  Agriculture, 
Forest  Service. 

Pupin  Coils  for  Telephone  Work. 

On  the  Pupin  Mode  of  Working  Trunk 
Telephone  Lines — I.  Sir  William  Preece. 
El  Engr — Aug.  16,  07.  1  fig.  2800  w.  40c. 
Paper  read  before  the  British  Association  at 
Leicester. 

Simnltaneons  Telegraphy  and  Telephony. 

Talking  and  Telegraphing  Simultaneously 
Over  the  Same  Line.  N.  C.  Kissel.  Am 
Tel  Jl — Aug.  3,  07.  2  figs.  2500  w.  Aug. 
10,  7  figs.  2000  w.  Aug.  24,  3  figs.  1700 
w.  Each  20c.  Aug.  3-10,  The  Repeating 
Coil  and  the  Simplex  Circuit.  Aug.  24, 
The  Composite  Ringer. 

Telegraph  Line  Testing. 

Wire-Testing.  L.  M.  Jones.  El  Rev — 
Aug.  24,  07.  1900  w.  20c.  Read  before 
the  convention  of  the  Ass.  of  Ry.  Telegraph 
Superintendents,  Atlantic  City,  June   19-21. 

Wireless  Telegraphy. 

Hot-Wire  Relay  for  Selective  Signalling. 
Richard  Heilbrun.  El  Rev — Aug.  9.  07. 
2  figs.    1400  w.     40c. 

Notes  on  Tuning  in  Wireless  Telegraphy. 
Sir  Oliver  Lodge.  El  Rev — Aug.  9.  07. 
1400  w.  40c.  Paper  read  before  Section 
G,  -  British  Association  meeting,  Leicester, 
July  30. 

The  Arc  and  Spark  in  Radio-Telegraphy. 
W.  Duddell.  El  Engr — Aug.  9.  07.  6300  w. 
40c.  Evening  discourse  delivered  before 
the  British  Association  at  Leicester. 


TESTS  AND  MEASUREMENTS. 

Heating  of  Generators. 

Experimental  Investigation  of  the  Heating 
of  Electrical  Machinery.  L.  Ott.  Z  V  D  I — 
July  20,  07.     3  figs.     3000  w.     60c. 

High  Potentials. 

Measurement  of  High  Potentials.  W. 
Bradshaw  and  H.  W.  Young.  Jl  of  El  Pow- 
er &  Gas — Aug.  10,  07.  4  figs.  2700  w. 
20c.  Gives  a  brief  outline  of  t^e  more  fa- 
miliar methods  of  measurement,  together 
with  a  description  of  a  new  electro-static 
voltmeter  suitable  for  potentials  from  10,- 
000  to  200,000  volts. 

Instrument  Transformers. 

Instrument  Transformers.  Charles  C. 
Garrard.  El  Engr — July  26,  07.  7  figs. 
2700  w.    Aug.  9,  4  figs.     2400  w.     Each  40c. 
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Dvtarml nation   of   Iron    Loaaea   br   Ueana 

of   Um   Tbrcv-Vollmetur   Motbod.      H.   Zlpt>. 

f  KMl   a   M«acti--Jua«   31).  07.       4    Bgs.    1500 


Tb«  DM »rni) nation  of  Pbaae  DlS«r«nc»  In 
KlantB.       P.    Humano.       Elvk 
F  Xvli— July    IS.   07.      S   tt8».      1000   w.      40c. 

!>  I^mrr  MMMnremcnU. 
PolTpbnM    Power    iJoMurenicnts.      C.    A. 
Can  Eloc  News — Aug.   07.      *   Bgs. 
I  ifiMt  w.     SIM:.     Paper  read  before  a  recent 
I  of  ih«  American  Asaoclatlnti  tor  the 
t  of  ScleUL-e. 

t  for  S-rhaar  CIrculta. 

Chart    for    Th ree-Pliase    Circuits. 

iA.   A.   Bucb»Db«rK.  Kosr— (!cpt.  2.  07.  230U 

2*e.     GIVBH  a  labl«  showing  the  power 

I  la   tbrrc-pbass  Hrrulu  with  n    power  factor 

~    nnltjr    and    load    bKlan<-ed    on    the   three 


absat«d  Type  of  Graphic  Recording  Me- 
»ra.  PbbI  McOahan  and  II.  W.  Young. 
ai.  Hr  Jt     Z  Sga.     2000  w.     ZOc. 


A  Ptaa  for  PikcUltatlng  Hspld  Meosure- 
■«ai  of  RMUtance  wlib  a  Voltmeter.  F.  C. 
OrwawaM.  Am  Te!  Jl — Aug  2t.  OT.  1 
tc      1700  w.      20c. 

DwUrrmlnlnK  Combined  Reslstnncea  Wltb- 
Mt  CatcoUtioB.  r.  H.  S«el>-,  Power— 
-"800  w.      *0c. 


ION.  DlKmiBCnO.X,  COXTROL. 


J  Uw  Blu  ot  Fe<Mlera.     Henry 
r  jMkaos.     El  Rr  Rev — Aug.   17,  07. 
^       1040   w.      lOc.      Deacrlbes   meihoda 
^•C  Bloltim  iMdw  Uront 


HlKh-Tfiuikin  TnuMmliwlon. 

Crltlral  Study  of  the  Thury  HlKb-Ton*lon 
Power  TraBamlaslon  Syat«m.  Bleh  u  Maacb 
—Juno  23.  07.     i  Hga.     7G00  w.     tOe. 

Oae-Pbaae  HIgh-Tenalon  Power  Traa»- 
nilailon.  B.  J.  Young.  W  Elecn — Aug.  lO, 
117.  4  flg*.  31^00  w.  20c.  Deacrlbei  & 
iyiitem  of  thla  nuture  bavlng  several  deatr* 
able  features  not  In  common  with  etthor  tb* 
direct-current  or  the  three-phase  system.  A 
paper  reud  before  the  American  Inatltut* 
of  Blertrli-nt  Bnglnnnrs,  Niagara  Kalis.  N. 
Y.,  June   28. 

Some  New  Mpthoda  n(  Hlich-Tnnaion  Un« 
CoiistrudloD.  Harold  W.  Buck.  Enf 
News— Aug.  8.  07.  2000  w.  20c.  Pre- 
sented at  the  annual  convention  of  the  Am. 
mat.  E.  E..  June  26. 

lusnlatlon. 

A  New  Type  of  Insulator  tor  Hlgh-Ten- 
bIoq  Transmission  Lines.  E.  H.  Hewlett. 
W  Elecn — Aug.  HI,  OT.  9  flics.  1200  w. 
Describes  an  Insulator  conslstloc  uf  a 
flangod  or  peltlcoaled  dUk  with  an  irnlarKi^d 
centrnl  portion  having  two  Intnr-llnked 
aeml-clrcular  holes  aud  used  tu  liuulute 
the  Inter-llnked  tle-wlres.  A  paptr  rend 
before  the  American  Institute  of  EleclrtcKl 
Engineers.  .S'lag&ra  Falls.  Jane  26. 

IJ^itnlng  Arreeter*. 

The  Electrolytic  Lightning  Arrester.  R. 
P.  Jackson.  El  Jl— Aug.,  07.  t  flg*.  2800 
w.  DescriDes  electrolytic  cella  used  for  this 
purpose. 

MI8CELI»1.VE01:A. 

Electric  Cultnre  uf   IlAuta, 

Electric   Culture.      El    Rev- Aug.    24,    07. 
600    w.      20c. 
Electric  l)nmb>WBllrrs. 

Elerirlc  Dumb-Walter  Machine*  ami  Sys- 
tems.     E,    U   Dunn.     Et   WId — Aug.   3.  OT. 
6  tigs.     ZSOO  w.     lOc 
LlghUUng  Rod*. 

Lightning  Roda  for  Ulfh  CblmiMrs.  Bl 
WId— Aug.   S,  07.      1300  w.     20c. 


INDUSTRIAL  TECHNOLOGY 


XlcU  Sicaalliig   la   the   Army   by    Ac«ty- 

•a*.    CafUln  LMWard  D.  Wlldmao.  Acety- 

s  Jl — ABg.  «7.     1  Og.     ZSOO  w.     tOc. 


PlrlB<  a  COnUnvous  Kiln.  Brit  Clay- 
worhvr— Aug..  07.  4  Bgs.  1S«0  w.  40c 
IX.      NatBrml  aad   roroed  I>ntft. 


aafvty  AppllAttces  of  Bpeed-Framaa  In 
Cattna  Hllta.  Kim—Ang.  9.  07.  13  flga. 
it—  w.     40e. 


Abs,  OuMlIe-Power  Slaadarda  for. 

Tbe  preaent  SUtus  of  Candle-Power 
Standards  tor  Oas.  Am  Oas  Lt  Jl — Aug.  G, 
07.  Z600  w.  ZOc.  Paper  read  at  tbe  Boa- 
Ion  meeting  of  tbe  IllomlnaUng  Engineering 
Society. 

Jbi«  Splanlas. 

Preparing  and  Spinning  of  Jnte.  D.  J. 
MaeDonald.  Engg — Aug.  2.  07.  16  Hft, 
3900  w.  40c.  Paper  r*ad  before  the  last, 
of  Mechanical  Engineers  nl  Aberdeen.  Jaly 
31.  discussing  present-day  prartlce  In  Jute 
preparing  and  splnnlag. 
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Paper  Bianufactnre. 

The  Stoneywood  Paper  Works.  Bngr — 
Aug.  9,  07.  15  figs.  3200  w.  40c.  De- 
scribes large  English  plant  and  the  proc- 
esses employed. 

Peat-Fuel  Manufacture. 

The  Manufacture  of  Peat-Fuel  in  Michi- 
gan. Francis  J.  Bulask.  Power — Sept.,  07. 
4  figs.     2000  w.     40c.     Describes  the  only 


"wet  process"  in  use  in  America  from  bog 
to  drying  sheds,  with  a  brief  outline  of  the 
industry. 

Water  Gas. 

Water  Gas.  H.  Dicke.  Stahl  u  Bisen — 
Aug.  14,  07.  10  figs.  4700  w.  60c.  De- 
scribes the  Dellwik-Fleischer  system  and  its 
uses. 


MARINE  ENGINEERING 


Auxiliary  CoasUng  Schooner. 

The  Auxiliary  Coasting  Schooner  North- 
land. Int  Mar  Engg — Sept.,  07.  6  figs. 
2000  w.  40c.  Describes  a  large  schooner 
having  for  an  auxiliary  engine  a  500-HP. 
six-cylinder  double-acting  reversing  gasoline 
motor. 


Combined  Indicator  Cards. 

Combined  Indicator  Cards — I.  Charles 
S.  Liinch.  Int  Mar  Engg — Sept,,  07.  5 
figs.  3200  w.  40c.  Shows  a  number  of 
combined  cards  of  marine  engines  in  every- 
day use,  and  points  at  their  value  in  detect- 
ing faults. 


Blectidcal  Equipment  of  Ships. 

The  Modern  Electrical  Equipment  of 
Ships.  C.  Schulthes.  Elek  Zeit — Aug.  1, 
07.  10  figs.  2500  w.  40c.  Aug.  8,  21 
figs.     5500  w.     40c. 

Electricity  on  Board  Ship.  Sydney  F. 
Walker.  Mar  Eng  &  Nav  Arch — Aug.  1,  07. 
1  fig.  2400  w.  40c.  XI.  Discusses  the 
distribution  of  the  current  by  the  three- 
wire  system. 


Gliding  Craft. 

A  Practical  Gliding  Craft,  with  Sub- 
merged Hydroplanes.  Sc  Am — Aug.  3,  07. 
4  figs.  1500  w.  20c.  Describes  a  boat 
designed  by  Peter  Cooper  Hewitt,  the  in- 
ventor of  the  mercury-vapor  lamp. 


High-Speed  Two-Stroke  Engines. 

High-Speed  Two-Stroke  Engines,  with  Re- 
marks on  Internal  Water  Cooling.  T.  D. 
Kelly.  Prac  Engr — ^July  26,  07.  2  figs. 
3800  w.  40c.  Abstract  of  a  paper  read  be- 
fore the  Institution  of  Marine  Engineers, 
March  7,  07. 


Indian  Liner. 

The  New  Indian  Liner,  City  of  London. 
Benjamin  Taylor.  Int  Mar  Engg — Sept.,  07. 
3  figs.     2800  w.     40c. 


Light  Single-Screw  Passenger  Vessels. 

Light-Draft  Single-Screw  Passenger  Ves- 
sels. Int  Mar  Engg — Sept.,  07.  4  figs. 
3200  w.  40c.  Gives  description  of  five  ves- 
sels constructed  according  to  U.  S.  Govern- 
ment specifications. 

Propulsion  by  Non-Reversible   Engines. 

The  Propulsion  of  Ships  by  Means  of  Non- 
Reversible  Engines.  Int  Mar  Engg — Sept., 
07.     4  figs.     3200  w.     40c. 

Screw  Propellers. 

Comparative  Study  of  Screw  Propellers. 
W.  Helling.  Z  V  D  I — Aug.  24,  07.  4  figs. 
2200  w.  60c.  Gives  results  of  four  designs 
of  screw  propeller  tests  by  a  Swedish  motor- 
boat  builder. 

Laying  Out  a  Propeller.  J.  S.  Watts. 
Machy — Sept.,   07.      2   figs.      1400   w.      40c. 

The  Screw  Propeller.  A.  E.  Seaton.  Mar 
Engr  &  Nav  Arch — Aug.  1,  07.  2200  w. 
40c. 

Submarine  Navigation. 

The  Present  and  Future  of  Submarine 
Navigation.  A.  M.  Laubeuf.  Engg — July 
26,  07.  3600  w.  40c.  From  paper  read  at 
the  Bordeaux  International  Congress  in 
Naval  Architecture. 


The  ''Lusitania.** 

The  Cunard  Turbine-Driven  Quadruple- 
Screw  Atlantic  Liner  **Lusitania."  Engg — 
Aug.  2,  07.  80c.  Sixty-six  pages  of  this 
issue  (187  illustrations)  are  given  up  to 
an  exhaustive  description  of  the  engineer- 
ing features  of  this  new  steamship,  its  ac- 
commodations for  passengers,  etc. 


Vibration  Recorder. 

The  Electric  Pallograph.  Prac  Bngr — 
Aug.  16,  07.  4  figs.  2500  w.  40c.  De- 
scribes an  instrument  designed  by  Otto 
Schlick,  of  Hamburg,  Germany,  for  meas- 
uring and  registering  the  vibrations  of 
steamships. 
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AIR  lUOHINKBr. 
Pu. 

UlCb'PTDMura  Onlrlfugal  Fans.     A.   Rh- 
MB.      Kan — Au|.    Ifi.    07.      S    Dgs.       T&OO 
f  «.     40c.     Plnrt  p«n  or  to  article  oa  turbo- 
'  '     t  illKuaalon  ou   the  qu^atloa   of 


A  N«w  DaTeloproent  la  Air  CompreBeors. 
Am  Haclt— Auc  2t.  07.  10  hga.  3000  n. 
14c.  D*acrlbc«  a  machine  that  at  coDBtant 
,  automatically  varies  the  volume  of 
air  4«lH*r«d  to  meet  the  constantly  Ouctuat- 
Ibc  damand. 


Cenipr«aa«d     Air     (or     Steam     Hammers. 

_  raAk     RlcfaATda.       Comp     Air— Aug.,     0". 

SM*    V.      Dlacuaaea    canslderatlona    of    the 

aDd  expedleocy  of  employlDg  coni- 

•Ir  for  driving  steam  hammere. 

FOtera.  c«c. 

CompraBad  Air  Equipment:  Heatsra.  Fll- 
n,  vtc  H.  Orlmmer.  Dlngler'a  Poly  Jl — 
J«)7  20,  07.  7  asa.  IGOO  w.  July  27;  Si 
Oca,  isao  w.  Auc  !.  07.  20  Bga.  2000 
«.     Aui.  10.     21  flK>-     liOO  w.     Bach  40c. 


PuBplBK  Sand  by  Compresaed  Air.  Lu- 
cIh  I.  WlglUmao-  Comp  Air— Aug.,  07. 
2  flsa.     1400  w.     20c 

Portable  Pneumatic  Toola.  Herbert 
Blue-  Enn — Auk.  9.  07.  6  Oks-  3300  w. 
Ave  IC.  ZS  flc*.  7400  w.  Each.  40e.  Oe- 
acTttM  ■  Diunber  of  new  hammers  and  re- 
nlU  abUlnsd  by  their  nw. 

Tb«  Ber^aomlc  SlcnlOcance  ol  PneumaUc 
ToaU.  A  MS  LAnr  Z  V  D  I— July  20.  07. 
1   flc      'J20D   w.      eOc. 

'.be  Parsona  Turbo-Btower  lor  Blaal  Fur- 
B-iCM.  Iron  Akb — Auit.  22.  07.  5  flg». 
1900  w.  lOc  Deacrlbea  an  InatAllatlon  at 
th«  Tnynleti  (BrDnn)   Furnace  Plant. 

The  Pamiw  Turbla»-B lower  tor  Blaat 
r^raaea  Work.  J.  Fueretenau.  Z  V  D  I — 
Jnly  30.  07.      11  aga.     ETDO   w.     SOc. 

DRAFTINa. 

Graphlr  and  Other  Alda  In  DealKUtng. 
Lather  D.  Burllnxame.  Am  Mach — Aug. 
It,  07.  <  Oca.  ISOO  w.  ]0c.  Doacribes 
tkm  twe  at  dnwinga  and  iiamplea  of  various 
psrU  for  Uie  purpose  ot  aiding 
n  Id  daUrmlnlng  sUes,  etc..  of 
eemwoamtt  puts  of  machl&ea. 

t  and  BiMtrlcal  Drafting  Room 
PwrUe  Electric  Railway.  El  Ry 
.   14.  07.     5   flgB.      1800  w.      (Of. 


Perspective  and  laometrlc  Drawing. 
Frederick  H.  Honey.  Machy — Aug..  OT.  & 
Hgs.  14U0  w.  40c.  Descrlbea  a  atrnplo 
niethud    uf   drawing    machtno   parts   In   p«r- 

Polutem  for  Checking  Drawings.  Am 
Mach — Auk.  IS.  07,      IHUU  w,     20c, 

FOl'NDI.\a. 
.Uloys   for   K.mndry   V»r. 

Aluminum  Alloy  Founding  Practice. 
Hugh  Dolnar.  Am  Mach—Aug.  22.  07.  S 
QgB.  3900  w.  20c.  Describes  the  mix- 
tures used  and  precautions  taken  to  Insure 
sound  castings  In  one  of  the  largest  foun- 
dries In  the  country. 

Ferro-Alloys  for  Foundry  Use.  B.  Hough- 
ton. Foundry — Sept..  07.  &600  w.  20c. 
Describes  the  methods  of  production  and 
the  treatment  ot  Iron  to  sKciire  deQnlte 
chemical  and  physical  proper tlea. 
Blower   CaslB4CS. 

Molding  a  Vertical  Blower  Casing.  W.  W. 
McCarter.  So  Mach— Aug..  07.  2200  w. 
20c. 

CasUttg  F^alshcd  Bearings. 

Casting  Finished  Bearlns*  Accurately. 
Am  Mach— Aug.  H.  07.  3  Aga.     600  w.     10c 

ChlllMl  Iran  CMttnga. 


Improvements  In  Core  Ovens  (or  Iron  and 
Steel  Foundries.  Stahl  u  Blsea — July  24. 
07.      3  tigs.      3300  w.     <0c 

Drjins  and  Annealing  Fnmaces. 

Drying  and  Annealing  Furnaros  tor  Steel 


(las'Knglnr  Cylinder. 

An  Alr-Cooled  Oas-Bnglne  Cylinder.  B. 
F.  Lake.  Foundry — Sept..  07.  6  Ago.  t<00 
w.  20c.  Descrlbea  methods  ot  molding 
and  patternmaking  and  also  the  new  prob- 
lema  presented  to  fonndrymea  by  reason  Ot 
the  light  weight  ot  automobile  castlags. 

Iron  CwidRga,  Pallttre  of. 

Iroa  CasUngs;  Some  Causes  of  Failure  la 
Service.  Robert  Job.  Chem  Bagr — Joly, 
07.  1600  w.  20c  Read  at  the  Atlantic 
City  roeetlag  of  the  American  Society  tor 
Testing   Materials.  Jane  30. 

TaprrlBg  Pipe  Dewl. 

Holding  a  Tapering  Pipe  Bend.  Q.  Bu- 
chanan.     Am   Macb — Aug.    22,   07.      3   Uga. 
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HEATINO    AND    VENTIIiATION. 

Hot-Air  HeaUng. 

Design  of  a  Plenum  System  of  Warm-Air 
Heating  for  a  School  or  Office  Building.  J. 
D.  Hoffman.  Heat  &  Vent  Mag — Aug.,  07. 
4  figs.  4400  w.  20c.  Paper  read  before 
the  American  Society  of  Heating  and  Venti- 
lating Engineers,  Milwaukee,  July  18-19. 

Installation  of  Warm-Air  Furnaces.  R. 
S.  Thompson.  Met  Wkr — Aug.  24,  07. 
1000  w.  20c.  Paper  read  before  the  Na- 
tional Association  of  Master  Sheet  Metal 
Workers,  Cleveland,  Aug.  14-16. 

Humidity,  Control  of. 

Humidity  and  Its  Control.  Van  Rensse- 
laer H.  Greene.  Cld  Stor  &  Ice  Tr  Jl — Aug.. 
07.     2600  w.     40c. 

Steam  Heating. 

The  Combined  Pressure  and  Vacuum  Sys- 
tem of  Steam  Heating.  George  D.  Hoffman. 
Dom  Engg — Aug.  3,  07.  3300  w.  20c. 
Read  at  the  Milwaukee  meeting  of  the 
American  Society  of  Heating  and  Ventilat- 
ing Engineers,  July  18-19. 

Ventilation. 

Air  and  Its  Relation  to  Vital  Energy.  S. 
H.  Woodbridge.  Dom  Engg — Aug.  3,  07. 
1700  w.  Aug.  24.  1  fig.  3100  w.  Each 
20c.  Aug.  3:  Contamination  of  House  Air 
by  Earth,  Air  and  Vapors.  Aug.  24:  Quan- 
tity of  Air  Required  for  Ventilation. 

Clean  Air  as  a  Money  Saver.  Hugo  Diemer. 
System — Aug.,  07.  3  figs.  1400  w.  20c. 
Describes  a  method  of  ventilating  and 
spraying  for  saving  goods  from  damage 
from  soot  and  also  increasing  the  efficiency 
of  employees  by  means  of  a  pure  atmos- 
phere. 

The  Heating  and  Ventilation  of  Machine 
Shops.  Chas.  L.  Hubbard.  Machy — Sept., 
07.     9  figs.     3900  w.     40c. 

The  Ventilation  of  Workshops. — I.  Mech 
Engr — Aug.  17.  07.  4  figs.  5000  w.  40c. 
Committee  report  to  the  British  Home  Of- 
fice. 

Ventilation  and  Refrigeration  of  Ammu- 
nition-Holds. Adrien  Bochet.  Engg — July 
26,  07.  From  a  paper  read  at  the  Bor- 
deaux International  Congress  in  Naval  Ar- 
chitecture, June  27. 

HOISTING    AND    HANDLING    MACHINERY. 

Cranes. 

Electric  Power  Requirements  of  Cranes. 
H.  Koll.  Dinglers  Poly  Jl — July  13.  07. 
3600  w.  40c.  July  20.  6  figs.  1500  w. 
40c. 

Recent  Heavy  Cranes  in  English  Shops. 
Eng  News — Aug.  29,  07.  2  figs.  2000  w. 
20c. 

The  Design  of  Under  Carriages  for  Jib 
Cranes — I.  E.  G.  Fiegehen.  Prac  Engr — 
Aug.  23,  07.     3  figs.     2800  w.     40c. 


Coal  Storage. 

Some  Recent  Mechanical  Coal  Storage 
Plants.  Wilbur  G.  Hudson.  Eng  News — 
Aug.   29,   07.      7000    w.      20c. 

Elevators. 

Elevators.  Ind  Mag — Aug.,  07.  30  figs. 
4600  w.  20c.  V.  Description  of  Electric 
Drum  Type  Elevators. 

The  Growth  and  Development  of  the  Ele- 
vator Industry.  Charles  H.  Kloman.  Cass 
Mag — Sept.,  07.  14  figs.  3200  w.  40c.  A 
review  in  which  important  modifications  in 
construction  and  operation  are  indicated. 

The  Hydraulic  Elevator.  W.  Baxter. 
Power — Sept.,  07.  12  figs.  1800  w.  40c. 
IX.  Automatic  Devices  Used  for  Stopping 
Cars  at  Top  and  Bottom  Landing;  Their 
Care  and  Their  Value  as  Safety  Appliances. 

Ore-Handling  Plant. 

A  Cripple  Creek  Ore-Handling  Plant.  S. 
A.  Worcester.  Eng  &  Min  Jl — Aug.  24,  07. 
2  figs.  2000  w.  20c.  Describes  a  single, 
counter-balanced  skip,  discharging  into  self- 
dumping  cars,  which  adds  33%  to  the  capac- 
ity of  a  shaft. 

HYDRAULIC    POWER   PLANTS. 

C<*ntrifagal  Pumps. 

Centrifugal  Pumps.  W.  O.  Webber. 
Engr — Aug.  1.  07.  10  figs.  2800  w.  20c. 
Describes  various  types  of  pumps  and  their 
construction. 

Hydro-Electric  Plants. 

Kern  River  No.  1  Power  Plant  of  the  Edi- 
son Electric  Company,  Los  Angeles.  El 
Wld — Aug.  10,  07.  8  figs.  5000  w.  Aug. 
17.  12  figs.  6300  w.  Aug.  24.  9  figs. 
4,800  w.  Aug.  31.  11  figs.  7300  w.  Also 
Eng  Rec — Aug.  10,  07  9  figs.  7600  w. 
Each  20c. 

Power  Plant  Inside  of  a  Dam  on  the  Pa- 
tapsco  River.  El  Wld — ^Aug.  3,  07.  9  figs. 
2900  w.  20c.  Describes  a  relnforced-con- 
crete  dam  168  ft.  long  at  Ellicott  City,  Md., 
having  the  Water  wheels  and  ^Hnerators 
located  inside. 

The  Caffaro  (Italy)  Power  Station.  Engg 
— Aug.  9,  07.     1200  w.     40c. 

The  Hydro-Electric  Plant  of  the  Hui^m- 
ian  Co.  Eng  Rec — Aug.  3,  07.  4  figs.  32^0 
w.  20c.  Describes  plant  for  furnishin; 
power  to  nickel  and  copper  mines  in  tht 
Sudbury  (Canada)  districts. 

Pumps  and  thumping  Machinery. 

Improvements  in  the  Vertical  Plunger 
Sinking  Pump.  A.  H.  Hale.  Power — Sept., 
07.     4  figs.     1800  w.     40c. 

Modern  Pumping  and  Hydraulic  Machin- 
ery. Edward  Butler.  Mech  Engr — ^Aug.  3, 
07.  7  figs.  3000  w.  Aug.  10.  9  figs. 
4100  w.     Each  40c. 

The    New    Pumping    Machinery    of    the 
Hamburg  Water  Works.     R.  Schroeder.     7 
V    D    I — July    27,    07.      11    figs.      6500    w 
Aug.   3.     30  figs.     1800  w.  Bach  60c.   Coiv 
eluded. 
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T«o-8Us«  OperatlOQ  of  a  L*rB«  Pumplnx 
Kocta*.  A.  O.  Dcwn«.  Bus  N«wa — Aug. 
3*.  07.  9  Bss.  2000  w.  20c.  DcicrlbcB 
r«nrT«  pnmplai  machlnvrr  used  bj'  tbe 
H«L  W.  W.  of  U«M. 
ThM  «f  PmmpIbc  riaata. 

HMb«itl«ftl  TeaU  ot  PumnlnB  Flanu 
I'iBd  for  IrrtpiUoii.  B.  P.  TeWe.  Bngr— 
ScpL  ],  07.  2000  w.  20c.  Olvee  n  com- 
parlMB  of  Kuoltne  anil  Kteam  uutDiii  Hnd  of 
fVKtrUqCKl,       reclprocaUns       aud       atr-llft 


I  nmCBMALrCOMUUSTIOX     ENGINES. 


On   Uw   Gaaaa   ExbJiuated    rrom   a    Petrol 
Molar,     fi.  HopUnsoB  and  L.  Q.  E.   .Morse. 

Kan— Auc.  9.  07.    e  ngB.    sioo  w.    ioc. 

Cms  aa4  OD  BaslaM.  Pramit  SUtiu. 

Tb«   PrvMDt   Poaltlan   of   Qai  and   Peirol 

~     ~    ■.     Dunld  Clerk.     Oah  It  Oil  Power 

U  IK.  07.     3  llga.     »&00  w.      40(r.     Pft- 

mi   befor«   the   British   AaitocUtlon   »t 

.  Aug.    1. 


MmliM  and  rtttlnss  tor  Oas  Power  PlanU. 
U  U  Brewer.     Power — Sept..  07.     2800  w. 

ttK-CjrtlBder     SOO-HP.      Interoal-CombiiB- 
—    ■* — ' —       laa — AuB.    16.    07.      £    Obb. 


Beat  Metbodi  tor  Ualng  Natural  Oaa.  C. 
W.  Seftr*.  ProE  AB«~Aug.  16.  l>7.  20 
00.  4000  w.  (Oc.  Paper  rL<a<]  before  the 
NalsrsI  Oaa  AMOcIttllOD  o(  Amerlco.  Joplln. 
Ma-.  Xmj  2). 

Oae  EtiKlDee  In  the  Natural  Gas  Field. 
lokB  D.  BackstAB.  Pros  Age — Aug.  IS.  07. 
t*M  w.  40c.  Paper  read  before  the  Nai- 
wrmX  a*M  Aaaodatlon  of  Auerlcu.  Juplln. 
M*.  Mar  21-23. 


NOV*)     Mlsb     CompresHlon     Oil     EuBlne. 
AIfr«d    O.    Oradenwlti.      Machy— Sept..    (j7. 
]   fto,      1400    w.      40c.      Describes   a   new 
)  easlii*  bavlDS  an  Impraved  otl  ato- 


Oil  BDSlaM.  S.  M.  Howell.  Macbr — 
A«<.,  «7.  7  Bsa.  2600  w.  4  Or.  De- 
KribM  aereral  laiemal-combuatlOD  eoglnea 
^m  Bmd*  oil  fnel. 

Pra«r«aa  In  Oil  EiiBlnea.  B.  P.  Lake. 
Blcr  -J>nf  IS.  6:.  &  DBS.  SSOO  w.  20c. 
Ihiwa  vlwrelB  tbe  oil  euBlne  exoele  tbe 
10.  its  coat  ol  operation  and  progresa 


PrrBBarea  and  Work,  Formnlaa   for. 

Preeauree  and  Work  Id  a  Out  Kngine. 
Cecil  P.  Poole.  Power — SepL,  07.  3000 
w.  40c  Olvea  forty  or  more  tomulaa 
for  preaaures  dereloped  by  compreaalon. 
combustion  and  expanalon  work,  HP.,  ud 
M.  IC.  P.,  BORio  of  wblcb  bare  not  bltborio 
been  published. 
I'roductT  <ia«. 

A  Commercial  Method  ot  Tea1ln(  Produc- 
er Gas  tor  Sulphur.  Randolph  BolUns- 
Khb  News — Aug.  1,  07.     1600  w.     EOc. 

Modern  Power  Oas  Producer  Practice  and 
Appllcnilon.  Horace  Allen.  Pmc  Bngr — 
AuB  2.  07.  2400  w.  Continued.  Power 
gm  luBialiatlon  generally  coooldered. 

Testing  Producer  Oaa  for  Sulphur. 
Randolph  BoIIIdb.  Ir  Age— Aug.  8,  0*. 
1  Qg.  1100  w.  20c.  Seta  forth  the  ad> 
vnntAgns  of   a   method   deflaed   by   lb*   au- 

■■rodun^r  (las    Rnglnea. 

Prvducer  Oaa  BnBlnea.  F.  W.  Burger. 
Engr — Aug.  I,  07.  2  Ogs.  3000  w.  !0c. 
Bnumeratea  a  number  of  points  requiring 
atlention  In  the  design  ot  this  type  of  en- 
gine. 

MACHHt-E   PABTS. 
Itall    BenriDga. 

ileBlgDliig  a  Thn-e-Polnt  Ball  BearliiB.  2 
flgB.      1000  w.     Am  Mach — Aug  1.  07.   20c. 

The  Design  and  Xi»9  ot  Ball  Bearinica — I. 
Hftnry  Hese.  Am  Hacb — Au|.  18,  07.  14 
ngs.  2100  w.  20c.  Statea  how  they  abould 
be  designed  by  careful  computations  and 
from  tile  best  of  materials:  tlie  cbaructerla- 
tlca  ot  Bood  balls. 

Eccentric   Pull-aad'rneb  Rods. 

The  Design  of  Eccentric  PultHtud-Puab 
Rods.  H.  M.  P.  Murphy.  Am  Macb— Aug. 
29.  07.     S  flge.     1900  w.     20c. 

KpfcycUc  niieel  Trains. 

Calcuialtons  Respecting  Bpicycllc  Wheel 
Trains.  W.  Owen.  Am  Mach — Aug.  S.  07. 
3   Ogs.      1600  w.      20c 

Feed  Mechanisms. 

Feeds  and  Feed  MecbuHama.  Jobs  Bd- 
gur.  Mach — Aug.,  07.  2  Sgs.  4400  w.  40c 
Dlscuues  their  redesign  in  order  to  nae 
blgher-apeed  tools  to  advantage, 

Hlgh-PrtMuiuiv  Machinery,  Design  of. 

On  tbe  Design  of  Machinery  for  Very  High 
Pressure.  J.  B.  PeUvel.  Engg — July  26. 
07.  7  figs.  1400  w.  40c.  Dlscussea  lube 
connections,  covers  for  aperture*,  etc.,  for 
use  with  high  pressure. 

New  Gemuin  Madilne  Tool  Dertots. 

Recent  advance  In  German  Machine  Tool 
CoDstrucllon,  Fr.  Huppert.  Z  V  D  I — Aug. 
3.  07.  42  flga.  6500  w.  60c.  Describee 
a  number  of  new  devim  omployi>d  In  Ya- 
rious  machine  tools. 
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mnw^LuhrieaJted  Bcariiica.      C.   YoDL      Z 
V  D  I — Aug.   10.   07.  37  fl^i.    1500   w.  «0c. 


A  Sliiltiple-apindle  TmHirtoek  for  Turret 
Work  on  an  Bn«ine  Latlio.  Oocar  E.  P«r- 
rtgo.  Am  Mach — ^Ans;  29.  07.  4 
1800  w.     ZQc 


Calcnlatlng  tlie  Dfmensfona  of  Worm- 
Gearlns.  Ralph  E.  Flanders.  Maciiy — Ans-. 
07.     5  flgB.     3300  w.     40c. 

XATEBIALS* 


Alloys.  A.  Humboldt  Sexton.  Mech 
gngr — ^Auff.  3.  07.  4  flga.  3000  w.  40c. 
XXI.     Silver  Alloys. 

mmd  Brtn 


Testa  of  Some  Braaa  and  Bronze  Bar& 
Harry  B.  de  Pont.  Foundry — Sept..  07. 
Z  09.  3900  w.  20c  Gives  results  of  a 
sertea  of  Interesting  experiments  to  aacer* 
caln  their  chemical  and  physical  properties. 


Corrosion  of  Copper  and  Copper  Alloys — 
irr,      John   G.    A,    Rhodin.      En«r — Aug.    2 
07.      2Ji00    w.      40c. 

Graphite. 

A  New  Lubricant,  the  ^'Acheson  Effect/* 
and  "Deflocculated  Graphite."  Edward  G. 
Acheson.  Eng  News — ^Au«.  1.  07.  5  figs. 
3600  w.  20c.  Adapted  by  the  author  from 
a  paper  presented  by  him  before  the  Ameri* 
can  Institute  of  Electrical  En^pineers  on 
June  27. 


Efficiency  Tests  of  Wet  Emery  and  Car- 
borundum Wheels.  G.  Schlesinger.  Z  V  D 
I — An(?,    3.   07.      7   li«s.      ISOO   w.      60c. 

fpofi.  fSnr  Cyttmiefs^ 

Experiments  with  Cylinder  Irons.  Ir  & 
CI  Tr  Rev — Aug.  9.  07.  2000  w.  40c.  Ab« 
stract  of  paper  read  by  R.  Buchanan  before 
the  Cleveland  Institute  of  EZngineers. 

LmbriPMmts^  Tests  of. 

Baum^  Hydrometer  Charts.  R.  S.  King, 
ffnifr — Sept.  2.  07.  2  figs.  2000  w.  20c. 
Gives  cixarts  for  use  in  testiug  of  oils  and 
brines  by  specific  gravity. 

HalleaMe  Cast  bon. 

Malleable  Castings.  E.  L.  Rbead.  Mech 
Engr — Aug.  3.  07.  3  figs.  5200  w.  40c, 
First  of  a  series  of  articles  on  their  mauu- 
facture  and  properties. 


ITickel  SteeL 

Nickel  Steel.     B.  F.  Lahe. 
07.     3900  w.     40c. 


An  ElectricallT  Controlled  Single  Lever 
Testing  Machine  and  Some  Torsion  Tests. 
Charlea  E.  Larard.  Ensr — ^Au^  2,  07.  9 
ftga.  3200  w.  Aug.  9.  21  ftgs.  2800  w. 
Each,  40c.  Paper  read  mt  the  Aberdeen 
meeting  of  the  Inst,  of  Mechanical  Engi- 
neers, July  18. 


Cream  Separator  Bowl  Balancing.  Machy 
— Sept.,  07.  2  figa.  1400  w.  40c.  De- 
scrihes  method  used  in  balancing  the  rotat- 
ing part  so  that  it  will  run  to  full  speed  or 
beyond  without  producing  any  perceptible 
vibration  in  any  part  of  the  machine  in  any 
period  of  acceleration  or  falling-off  of  speed. 

The  Balancing  of  Rapidly  Rotating  Ma- 
chine Parta.  Monitz  KrolL  EIek  u  Masch — 
July  28,  07.     5  figa.     2700  w.     60c. 

ChalBS^  StrcBsA  oC 

Strength  of  Chains.  N.  A.  Carle.  Poiter 
— Sept.,  07.  1  diagram.  500  w.  40c. 
Gives  a  chart  based  on  a  table  from  *'Kent." 

Energy  d  the  Uaivevae. 

The  EInergy  Problem  of  the  Univ^^e.  A. 
H.  Gibson.  Cass  Mag — Sept.»  07.  5600  w. 
40c. 


flow  of  Flmids  fm  Thbk 

The  Flow  of  Graaes  and  Liquids  in  Thin 
Annular  Columns.  E.  Becker.  Z  Y  D  I — 
July  20,  07.     12  figs.     7700  w.     60c 

flow  Throfigh  OrillceB^ 

The  Flow  of  Liquids  Through  Orifices  of 
Unusual  Form.  Zeit  d  Oest  Ing  n  Arch — 
Aug.  9,  07.     10  figs.     3900  w.      60c. 


Friction  ci  VmAia^  Riiigs. 

The  Friction  of  Packing  Rings, 
tens.     Z  V  D  I — July  27.  07.     5 
w.     60c. 


A.  Mar- 

1200 


Machy — Sept., 


Reciprocal  Methods  for  Problems  Solu- 
ble by  Means  of  Force  Polygons.  R.  Kafka. 
Zeit  Oest  Ing  u  Arch — ^Ang.  22,  07.  14 
figs.     3500  w.     60c. 

GyrotMrope. 

The  Gyroscope.  C.  M.  BroomalL  Sc  Am 
Supp — Aug.  10,  07.  4  figs.  3900  w.  20c. 
Gives  an  explanation  of  the  action  of  the 
gyroscope  in  everyday  language  and  fre^ 
from  mathematics. 

Hinch-Speed  Disk  Stresses. 

Stresses  in  Rapidly  Rotating  Disk 
Wheels.  A.  Stodola.  Z  V  D  I — ^Ang.  31, 
07.     6  figs,     5000  w.     60c. 

P^wer  Ttansmittiiig  Device. 

A  Device  for  Transmitting  Power  Between 
Two  lucliued  Shafts  by  Means  of  a  Straight 
Belc.     Am    Mach — Aug.  1,  07.     3  figa.     900 

w,     30c. 
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Tb«  DnMOlt*  or  Lo&K  Recoil.  A.  0. 
arMBblll.  Kagr—Attf.  23,  07.  3  flgB. 
tiftt  w.  40c.  DoacTlbM  the  mech&Dlcal 
prladpfM  lavol*«d  In  th«  use  of  a  long  re- 
coil on  ekiTlkCM  or  Held  guni  tor  preveni- 
wbMls  from  Jumping  off  ih«  ground. 


ttavtura  Tbrousb  Eipaoslon  by  Heat.  C. 
.  ilwr.  Z  V  D  I— Julj  37.  07.  IS  flp. 
SSO*  w.  €0c.  DlseuBa«B  ihe  rupture  of 
bo4Mr  ikMta.  rUeU.  eU. 


Itearr  Welsbinc  Scales:  The  lafluence  of 
DaOectloo  on  th«  Beam  Ratios;  Teau  with 
Partly  Unhnown  Loadii.  J.  Zlngler.  Zelt  d 
Owt  IBC  D  Arch— Aug.  2.  07.  4  figH.  4000 
w.     ««e. 


FlMtfgtnic. 

A  Large  Hydraulic  Flanging  Preu.  B. 
A.  Dlile.  Am  MHcb— Aug.  16,  07.  10  flga. 
2600  w.  20c.  Deecrlbea  how  the  Oanged 
work  for  the  P.  R.  R.  lyBtem  In  prodnca4 
by  the  URe  of  a  hydraulic  preea  and  cfta^ 
Iron  dies. 

F^irglns. 

Forging  a  Uatbe  Boring  Tool.  J.  F.  Sal- 
lows. Hachy— Sept..  07.  6  figs.  tOOO  w. 
10c. 

The  Forging  of  Alloy  Steels.  R.  F.  IaIi*. 
Am  Hach — Aug.  Z9.  07.  3600  w.  SOe. 
Shows  the  effect  of  temperature,  metboda 
of  forging,  welding  and  nnneillng  on  lb* 
production  of  high-grade  forglngs. 


.  ._  ■  ot  Tube-Connected  Cylinders.     S.  F. 

\  jM»t.   Power — Sept..    07.      JS    flga.       1600    w. 

.   «*c     DeacrlbM  a  test  ot  two  bumped-head- 

•d  beil*r>plat«  drums,  connected    liy   tubes. 

UBTAL   WOKKIKd. 


_[  Blgh-fipMd  Steel.  Etban  VUll. 
r  Am  Hacb — Aug.    t».   07.      1   Bg.      1600    w. 

Small  Fnraace  for  Special  Work.  T.  U. 
Nvely.  Am  Hach— Aug-  8.  07.  3  tigs.  800 
w.      lOc 


Work  of  the  Floor-Plat«  Boring  Mill. 
An  Mach — Ang.  IS.  OT.  4  flgs.  1100  w. 
3*e.  Otvea  lUastrallons  ot  original  sbop 
■tho<«  staowlBg  the  wide  range  and  dei- 
IMUtr  of  ft  iu>T«I  taome-roade  toot. 


Reamers.  Brlc  Obsrg.  Uachy — Aug.,  07, 
5  flgs.  3S00  w.  Sept.  4  Qgs.  tSOO  w. 
Eacb  tOc. 

SpHd&ff  Wire  Gables. 

SpUcIng  Wire  Cables.  Florlo  Seperak. 
MI&  Rep—Aug..  07.      3  llgs.      1000  w.     SOc 


Notaa  on  Cam  Design  and  Cam  Cutting. 
am«a  L.  IMnoany.  Machy— Aug.,  07.  t 
|0.     ISOO  w.      40c. 


rM*-Uard«tilag  the  Allor  Steeels.  K.  F. 
Lafc*.  An  Macb— Aug.  S,  07.  4000  w. 
14c.  Olrea  Instructions  for  selecting  the 
hex  alloys,  the  proper  carbonising  materi- 
als and  for  the  correct  beat  treatment  to 
Mrsfw  >atl«taetorr  rcaulta. 


Wire  Drawlnc. 

Modern  PraeUce  In  Wire- Drawing  Ma- 
ohlnes. — I.  Engg — Aug.  9.  OT.  B  flgs.  1800 
«.  40c.  First  ot  a  series  on  the  trend  la 
the  design  ot  machines  used  tor  all  clasaoi 
of  wire-making. 

Worm  Oeus. 

Machining  a  DronM  Wonn  Wheel.  Pbtllp 
O.  Hall.  Mecb  WId— July  16.  OT.  10  Bgt. 
3600  w.     20c 


HaklBf  a  Dial -Measuring  Machine.  Os- 
car B.  Pvrrlgo.  Am  Macb — Aug.  IG.  07. 
•  tCB.     ><t«  w.     SOc. 


MaklBS  Swlaa  ni«a  In  America— I.  Uachr 
— •vfL.  CT.  e  figs.  3*00  w.  40c.  De- 
wrlbM  plant  and  procnnes  of  the  Am.  Swiss 
nie  A  Tool  Co. 


KBFRIGERATION. 

Cooling  Plant  of  a  ChocoUto  Mill.  Cid 
Stor  A  Ice  Tr  Jl— Aug..  07.  10  (Ig^  3S09 
w.  40c.  Describes  tbo  refrigerator  InMal- 
laUon  of  the  Walter  Baker  *  Co.  lactorr. 
Dorchester,  Man. 


^3fi 
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SHOPS   ABTD  BUIIiDINGS. 

OcrUkon  Works. 

The   Oerlikon    Works.  Bngr — ^Aug.    23, 

07.      12   figs.      1600   w.  40c.      Illustrated 

description  of  this  latge  Swiss  engineering 
works. 

Modem  Works  Practice. 

Notes  on  Modem  Engineering  Works.  R. 
D.  Summerfield.  Mech  Engr — Aug.  17,  07. 
5300  w.  40c.  Gives  a  general  sketch  of 
modem  practice  as  regards  buildings, 
equipment  and  management. 

Storage. 

Storage  in  a  Large  Concrete  Machine 
Shop.  L.  P.  Alford.  Am  Mach — Aug.  S, 
07.  23  figs.  8000  w.  20c.  Describes  the 
fire-resisting  racks,  boxes  and  other  storage 
devices  In  the  plant  of  the  United  Shoe 
Machinery  Company,  at  Beverly,  Mass. 

STEAM  POWER  PLANTS. 

Aeration  of  Steam. 

The  *'Field-Morrts"  System  of  the  Aera- 
tion of  Steam.  F.  A.  Lart.  Eng  Rev — 
Aug.,  07.  4  figs.  3700  w.  40c.  Describes 
a  system  consisting  simply  in  mixing  a  suit- 
able proportion  of  ordinary  air  compressed 
to  the  working  boiler  pressure  with  tbe 
steam  immediately  after  it  leaves  the  boiler 
and  superheating  the  mixture  thus  formed 
by  economical  means,  such  as  the  waste 
boiler  gases. 

Boiler  Arches. 

Arch  Tubes  and  Brick  Archc;.  Boiler 
Maker — Aug.,   07.      1600   w.      20c. 

Boiler  and  Engine  Testing. 

Boiler,  Engine  and  Generator  Testing 
and  Management.  Charles  L.  Hubbard.  El 
Rev — Aug.  3,  07.  14  figs.  4000  w.  Aug. 
10,  4000  w.  Aug.  17,  3  figs.  3000  w.  Aug." 
24,  2  figs.  2000  w.  Each  20c.  Aug.  3: 
Engine  testing.  Aug.  10:  Management  of 
engines  and  generators.  Aug.  17:  Valve- 
setting.     Aug.  24:  Valve  testing. 

BoUer  Fittings. 

The  Piping  and  Fittings  for  a  Tubular 
Boiler. — I.  F.  C.  Douglas  Wilkes.  Boiler 
Maker — Aug.,  07.  6  figs.  5300  w.  20c. 
Serial — Gives  data  for  the  calculation  of  the 
various  parts. 

Pipings  and  Fittings  for  a  Tubular  Boil- 
er. F.  C.  Douglas  Wilkes.  Boiler  Maker — 
Sept.,  07.     16  figs.     1200  w.     20c. 

Boiler-Room  Design. 

Boller-Room  Design  and  Equipment. 
Wm.  H.  Bryan.  Cass  Mag — Sept.,  07.  8 
figs.     5200  w.     40c. 

Coal  Testing. 

Recent  Testing  of  Coal.  J.  A.  Holmes. 
Mines  &  Mln— Aug.,  07  1  fig.  2400  w 
40c  Describes  the  methods  of  sampling  at 
mines  and  on  cars  used  by  the  federal  gov- 
ernment In  its  public  buildings  at  Wash- 
ington, D.  C. 


The  Choice  of  Bituminous  CoaL  R.  H. 
Kuss.  Eng  Reo— Aug.  31,  07.  3  figs.  3300 
w.     20c 

The  Fuel-Testing  Plant  of  the  United 
States  Geological  Survey  at  the  Jameitown 
Exposition.  EI  Wld— Aug.  17,  07.  6  figs. 
1400  w.     20c. 

Comparative  Power  Costs. 

Comparative  Costs  of  Gasoline,  Steim 
and  Electricity  for  Small  Powers.  William 
O.  Webber.  Eng  News — Aug.  15.  07.  2500 
w.  20c.  Gives  diagram  showing  costs  per 
B.  HP.  per  year  up  to  30  HP. 

Relative  Economy  of  Steam  and  Gas 
Power  where  Exhaust  Steam  is  used  for 
Heating.  F.  W.  Ballard.  Eng  News — Aug. 
15,  07.     6000  w.      20c. 

The  Comparative  Cost  of  Steam  and  Hy- 
dro-Electric Power.  W.  O.  Webber.  Eng 
Mag— Sept..  07.      2200  w.     40c. 

Crude  Oil  Fuel  Test. 

Test  of  Power  Plant  of  Home  Gas  Com- 
pany, Redlands.  Cal.  W.  F.  Durand.  Engr 
— Sept.  2.  07.  10  figs.  5200  w.  20c. 
Gives  details  of  test  of  plant  using  crude 
oil  fuel. 

Flash  Boilers. 

The  Flash  Steam  Generator.  H.  W.  Bols- 
over.  Cass  Mag — Sept.,  07.  7  figs.  2800 
w.  40c.  Discussion  with  particular  refer- 
ence to  Its  use  in  automobiles. 

Governor. 

Some  Peculiarities  of  the  Rites  Gover- 
nor. S.  H.  Bunnell.  Engr — Sept.  2.  07. 
3  figs.  2000  w.  20c.  Discusses  the  queer 
actions  sometimes  found,  the  causes  and 
prevention. 

Xatnral  Gas. 

Combustion  of  Natural  Gas.  E.  H.  S. 
Bailey.  Prog  Age — Aug.  15.  07.  1700  w. 
Paper  read  before  the  Natural  Gas  Associa- 
tion of  America,  Joplin,  Mo.,  May  23. 

Piping. 

Piping  Specifications  for  Superheated 
Steam  Service.  Engr — Aug.  15,  07.  1700 
w.  20c.  Complied  by  Crane  &  Co..  Chi- 
cago, for  steam  pressures  of  250  lbs.  and 
superheats  up  to  200**   F. 

Standard  Methods  In  Pipe  Fitting.  G.  L. 
Vincent.  Prog  Age — Aug.  1,  07.  9  figs. 
6000  w.  20c.  Read  before  the  Iowa  Dis- 
trict Gas  Assn..  Cedar  Rapids,  June   12-13. 

Power  Plants. 

A  Progressive  Suburban  Central  Station 
at  Revere,  Mass.  El  Wld — Aug.  3,  07.  5 
figs.  300  w.  20c.  Describes  an  interest- 
ing example  of  a  central  station  under 
unique  conditions  with  respect  to  load  re- 
quirements In  a  suburban  territory. 

Blue  Island  Power  Station  of  the  North 
Shore  Electric  Company  of  Illinois.  W. 
Elecn — Aug.  24.  07.      9  figs.      4700  w.  20c. 

Cos  Cob  Power  Station  of  the  New  York. 
New  Haven  &  Hartford  Railroad  Co.  El 
\Vld — Aug.   23,   07.      S  figs.      5800  w.      20c. 


Hstkaalnl   PIbdI   or   tbe   New   Cltr   Hall 
■t    N'BWKrk,    Naw   JAraey. — II.      Eng    Rm — 
AKS.   St.  OT.     3  Us*-     ISOO  w.     ZOc. 
Pi  I  MM!   ClagM. 

Hteurr    >n<l    Co  oat  ruction    of     Preanure 
0«<»a. — I.     C.  B.  Stromeyer.     Moch  Engr — 
M-^OK-.  07.     )  Asa.     4400  tr.     SOc. 

^     Phralcal   I^pvrtlea   ot   Salurated    Steam. 

^Ffrad    R.   Low.      Fow«r — Bept..   07.      5   Dkb. 

^   tSOO  w.     40c.     A  almple  eiplanatton  or  the 

•teain   tablea:   why  tamperature  varies  with 

tba  prwwure,  and   what  U   meant   by   latent 

b«al.  Mturatad  Btcau,  eie. 

fl^Mikc  AbatcoMittl. 

Adrantasaa  of  Uechanlcal  Stokers  aa 
Suoka  Abaian.  Paul  H.  Chamberlain.  Ind 
Wld — Aus.  5.  OT.  IJ  Sga.  5000  w.  20c. 
Larture  tMfon  tlie  Inter  national  ABSOcla- 
thta  tor  the  Prevention  of  Smoke,  Mllwau- 
k*«.  WlB. 
•Uwm  Torblnn. 

Beat  Jlethod  of  Supplying  Oil  to  Tur- 
bhwa.  Tbomaa  Fr«nklln.  Power — Sept., 
•T.  4  flga.  StOD  w.  40c.  DlscuMes  tbe 
laatam  oll-fllterloc  and  coollog  plant  and 
Maua  Ua  advamagea  and  polnta  to  be 
leokad  to  In  Ita  dealgn  and  operation. 

TIm  Ueltne-Pfennlnger  Combined  Im- 
mIm  and  Reaction  Turbine.  R.  Sireeau. 
PmiM- — Sept..  OT.  E  flgs.  2400  w.  40c. 
CiTaa  partlculare  ot  a  new  turbine  manu- 
bctared  In   Uunlch. 

Tbe  Modem  Steam  Turbine.  Arnold  F. 
lUrrlHtD.  Ir  *  CI  Tr  Rev— Aug.  9.  07.  II 
■aa.  SftOO  w.  40r.  Paper  describing  re- 
seat trpea  of  turbines,  read  before  the  Man- 
dbaatar  Aaan.  of  Students  of  the  Inst.  C.  B. 
TIM  BaUablllty  of  Steam  Turbine  and 
"  ^    ~    leratora   In    PracUcal   Service.      F. 

EIek   u   Maach— July   21.  07. 

1  tSOO  w.     July  as,  G  flgi.     4G0O  w. 


Laiyont    and    Construction    ot    Steel 
Stack*.      Boiler  Maker—Aug.,   07.      12   flgs. 
4100  T.      :0c. 
*ifirt>i'a»«J  S«i>«m. 

The  Latest  HeaearrJi  on  the  Specific  Heat 
trf  Baperheated  Steam.  Robert  H.  Smith. 
Sittr—Aut.  13.  07.  5  flgs.  3000  w.  4Uc. 
OItm  dtavraina  embodying  the  results  ob- 
1  br  KnoblaiKdi  ud  Jakob  for  tacili- 


WOODWORKING. 

Pal  tern- HaklnK. 

Disk  Pattema  for  a  Centrifugal  Pump. 
Jno.  J.  Atklnaon.  Wood  Crati — Sept.,  07. 
fioo  w.     20c. 

T. 
Foundry — Sept,,  07.     4  ttsa. 
SOO   w.      2  0c. 

Patlernmaklng  and  Core  Boxes.  C.  B. 
McOahey,  Wood  Craft— Aug.,  07.  3000 
w.  ZOc.  Devcrlbea  the  metbodH  found 
moat  proDtable  la  a  plant  mainly  engaged 
III  tbe  building  of  ateam  engines. 

Paiierns  for  Steel  CaaUngB.  H.  J.  UcCaa- 
lln.      Wood   Craft— Bept..   07,      4   tlga.      SOO 

W.       20c. 

Patterns  to  Suit  the  Foundryman.  Oacar 
E,  Perrlgo.  Foundry — Sept.,  07.  K  flge. 
3600  w.  20c.  Qlves  a  number  of  llluatra- 
tlona  In  actual  ahop  practice  of  the  good 
resulta  attained  by  pursuing  this  course. 

Tbe   Pattern 'Making  of   Locomotive   Cyl- 
inder.   1.  W,  Woltenden.     Am  Mnch — Aug. 
IE.  07.      17  flgs.      ISOO  w.     20c. 
Planes  and  Mulder  Knlvce. 

Laying  Out  Moldor  Knives.  W.  D. 
Oraves.  Wood  Craft— Aug..  <I7.  G  flga. 
1400  w.  20c.  Qtves  method  and  llluslra- 
tlons  of  Ita  application. 

Sharpening  Planer-Knlvee.  James  F.  Ho- 
bart.  Wood  Craft— Aug.,  07.  i  flga  S400 
w.     30c. 

Bolls   for  Textile  Hadtlnerr. 

Making  Wooden  Rotla  for  Teslllo  Ma- 
rblnery.  O.  A.  Dexter.  Am  Much— Aug. 
S.  07,      8   flgs,      1000   w.      !0c. 

Wand  Hcndlng. 

Pointers  on  Wood  Bending.  U  Kay. 
Wood  Craft — Aug..  07.  2000  w,  20c.  Dis- 
cusses selection  of  wood  and  cumpreaslon, 
preparing  tbe  stock,  tbe  use  ot  Btenm,  etc. 

Wood  FlBUtlnc. 

Wood  Flnlahlng.  A.  Asbmun  Kelly. 
Wood  Craft— Aug..  07.  3000  w.  lOc.  0»- 
KTlbea  the  use  of  aniline  atulns  on  wooda 
and  the  Onisblng  of  birch,  giving  approved 
practice  In  each. 

Wood  Finishing  Practice.  A.  AahmnB 
Kelly.  Wood  Craft — Sept.,  U7.  2800  w. 
20c.  OlKussea  tbe  surfaces  of  planoa.  tbe 
preservation  of  brushes,  the  care  ot  mate- 
rials, and  glvea  data  on  flnUhes,  stains  of 
veKeiablee  and  other  useful  Intormatlon. 


METALLURGY 


Beat  Treatment  of  Alloyrd  Steel.  B.  F. 
Laka.  Am  BUck— Aug.  1.  07.  GGOO  w. 
]0c.  Dtoevasea  methods  of  annealing,  tem- 
paratenm  wUcb  arc  sate,  ways  ot  heating 
•ad  qaancblng  and  effect  ot  various  alloys. 

Tulsr'a      InvestlgaUon      on      (llgh-Speed 
■tMi.     JL  Walllebs  and  O.    Peterson.   SUhl 
-Jalr    SI.    07.       3    flgs.       4300    V. 


The  Present  State  of  Our  Knowledge  re- 
garding the  Cooling  and  Freealng  Condi- 
tions of  Carbon-Iron  Alloys.  P.  Ooerena. 
Slahl  u  Elaen— July  24,  OT.  10  Uga.  SSOJt 
w.  60c. 
Blast  Fnmaeea. 

Charging  a  Modem  Iron  Blaat  Fumaoa. 
Bradley  Stougbton.  Bng  ft  Mln  Jl.  SlOO 
w.  20c.  States  how  the  ore  Dux  and  fnel 
charged  In  a  blaat  furnace  can  be  adjnated 
to  produce  definite  resulta  In  the  output. 


^ 


TECHNICAL  UTERATURE 


Tte  Blast  Puraace. — VI.  Hormce  Allen. 
Ir  Tr  ReT — Aug,  8.  07.  ICOO  w.  20c  De- 
■cribes  the  use  of  slmg  for  cenent  manafac- 
tvre. 

The  Chemistrr  of  the  Iron  Blast  Furnace. 
Bradley  Stooi^ton.  Ens  ^  Min  Jl — Aos- 
3,  07.  2  fisB.  2400  w.  20e.  Describes 
the  saccessiTe  chemical  reactions  which  oc- 
car  during  the  redaction  of  iron  ore  to  pi^ 
iron  in  the  blast  furnace. 

The  Operation  of  the  Iron  Blast  Furnace. 
Bradley  Stou^ton.  ESng  Ik  Juin  Ji — Aa|^. 
17,  07.  2  figs.  2800  w.  20c.  GlTes  de- 
tails of  the  working  of  a  blast  furnace  and 
of  a  disposition  of  tlie  iron  and  the  sla& 


The  Manufacture  of  Coke  from  Western 
Coal.  R.  S.  Moss.  Min  \Md — Aug.  17.  07. 
3  figs.     2400  w.     20c. 

Why  Is  It  That  Some  Coals  Coiie  and 
Others  Do  Not?  F.  C.  Keighley.  Ir  Age — 
Aug.  8,  07.  3300  w.  20c.  From  tae  pr«8^ 
idential  address  at  the  Pitcsourg  meeting 
of  the  Coal  Mining  Institute  of  America* 
June.   1907. 

Cower. 

Notes  on  Copper.  A.  Humboldt  Sexton. 
Mech  JCngr — July  27,  07.  1  diagram.  2800 
w.  40c  IV. — Reduction  of  the  copper 
from  the  rich  regains. 

Notes  on  Copper.  A.  Humboldt  Sexton. 
Mech  Bngr— Aug.  10.  07.  3  dgs.  «000  w. 
40c.     V.     The  Welsh  copper  process. 

GukL 

The  Black  Sand  Problem.  F.  PowelL 
Eng  Ik  Min  Jl — Aug.  10.  07.  2  flgs.  2200 
w.  20c.  Notes  on  the  preliminary  concen- 
tration of  auriferous  black  sand. 

The  Volacisation  of  Gold  During  Melting. 
Dr.  T.  Kirk  Rose.  ISng  lb  Min  Jl — Aug.  17, 
07.  700  w.  20c.  From  the  annual  report 
U!>06»   of  the  Royal  Mint. 


Laboratory  Crucible  and  Muftle  Furnace. 
George  T.  HoUoway.  Min  Wld— Auif.  3, 
07      2  ligs.     4200  w.     20c. 


The  R^ftwfng  of  Lead.  Lincoln  Burrows* 
Met  Ind— Aug.,  07.     3  llgs.     2700  w.     20c. 

The  Betts  Process  at  Trail,  B.  C.  A.  G. 
Wolf  Mines  A  Minerals — Aug.,  0  7.  5  figs. 
6000  w  40c.  Describes  the  Betis  paceuted 
process  for  the  electroiytic  rettning  of  lead 
buIUon.  treatment  of  gold  and  silver  *iimes 
and  copper  sulphate  recovery. 


The  Use  and  Care   of   Mercury.      Min   Jfe 
gc   Pr— Aug.    L7.   07.      2^00    *.      2'ic. 


C 

Cal^lation  of    Furnace   Charges.      Regis 

_.^f.  ^fn     R»D_AUJC.     >.     Oi.         iJUO 


Chan^enec 

w.     Aug.   15. 
each  20c. 


Min   Rep — Aug. 
4300  w.     Aug.  2i 


Use  of  Graphic  Formulae  in  MeCallnrgi- 
cal  Calculations.  Dand  H.  Browne.  Min 
Wld — Aug.  3,  07.  500  w.  20c.  Abstract 
of  paper  read  at  Toronto  meeting.  Can.  Mg. 
Inst.,  March.  1907. 


Some  Metallurgical  Vagaries  and  the  Re- 
sults. Dwight  E.  Woodbridge.  Eng  ib  Min 
Jl — Aug.  10.  07.  1  fig.  1«00  w.  20c 
Describes  unsuccessful  attempts  to  apply 
certain  wild  theories  of  ore  treatment  and 
smelting. 


Electric  Equipment  of  Rerersing  Rolling 
BCills.  H.  Alexander.  Elek  Zeit — July  25, 
07.     3  figs.     1800  w.     40c 

New  Continuous  Merchant  Bar  Rolling 
MilL  Staid  und  Eiaen — Aug.  14.  07.  5  figs. 
1«00  w.     60c. 


Acid  Open-Hearth  Slag.  W.  M.  Carr. 
Foundry — Sept.,  07.     lOOd  w.      20c 

The  Phyiaco-Chemical  Ratio  of  Blast  Fur- 
nace Slags  and  Cements.  K.  Zilkowskl. 
Stahl  und  Eiaea — July  24,  07.  5200  w. 
60c. 


Briton  F^rry  Works  of  the  Cape  Copper 
Co.  Edward  Walker.  Ens  &  Min  Jl — 
Aug.  n,  07.  5  figs.  1600  w.  20c  De- 
scribes works  in  South  Wales  where  Afri- 
can ores  are  calcined  in  cylindrical  and  me- 
chanically rabbled  furnaces,  and  smelted  In 
reTerberatorlesw 

Modem   Method   of   Calcining   Iron    Ore. 

Arthur  E.    Pract.      Min  Wld — Auc   24,   07. 
ISOO  w.      20c. 

Negative  Results  In  Pyrttic 
F.  Beardsley.     En;g  A  Min  Jt- 
ISOO     w.       20c.     Describes 
though     unsuccessful     attempt 
smelting  of  copper^nickel  ores. 

The  Largest  Copper  Smeltiac  Plant  in 
the  World.  En;g  News — Aug.  I,  07.  2  figs. 
3700   w.     20c. 

The  Mining  ft  Smelting  Equipment  of  the 
Canadian  Copper  Company.  David  H. 
Browne.     Can  Min  J I — Au«.  1,  07.     13  figs. 

♦>400    w.      40c. 


o. 

Aug.  24,  07. 
interesting 
at     pyritic 


2*>00  w. 


The  Washoe  ;^elter.  Mines  ft 
.Vug..  0  7.  s  dg^  6000  w.  40e.  GlTes  a 
^riei!  description,  showing  buildings,  eqnlp- 
meuc.  processes  ua^  and  methods  of  hand- 
ling material. 

Scamp. 

The  Nordberg  Compound  Steam  Stamp. 
Eiig  ^  Mill  JI.  4  tigs.  ^000  w.  20c.  De- 
sert oes  sceeple^^om pound  steam  stamps  need 
in  :he  LoJie  Superior  Copper  District  and 
giv^M  *Jie  relaiive  econoiuv  vjf  simple  and 
compound  t^pes. 


TECHNICAL  UTERATURE 


Ooaprawlos  ot  StMl  br  WIra  Onwlng 
Dnrlnc  SoUdlflcfttloa  In  the  Ingot  Mold.  Ir 
^r  lUv^AnK.  It,  OT.  25  fisB.  6400  w. 
wt9t.  Aa  •xuadcd  BbRtraci  of  «  monoRnpti 
rtar  Major  B.  L.  Zallnakl.  V.  8.  A.  (contrib- 
"'  '  1i«  Jourokl  ot  Ibe  U.  3.  Artillery) 
[  tb«  Hanucc  proc«M. 
BwilBS  Appttratua.  Encr — \uk. 
1 4  flC>-  KOO  W.  40c.  Deiurrlbea 
I  a»e4  for  larse  taeots  at  titerk- 
mntay. 
Mvtboda  of  Avoiding  Plplog  In  3teel  In- 
JOU.  AdaJIwrt  Obbolier  Slalil  und  GImq 
F— JnlT  SI.  07.  fi  Bkb.  4300  w.  eoc. 
'  TlM  MoUiods  Adopted  Id  the  Hungarian 
OomraiDaDt  Stoel  Works,  at  Dloagyor,  (or 
AToldlai  Piping  In  StMl  Ingota,  Ad.  Ob- 
bolMr.  Ir  ft  CI  Tr  Re« — Aug.  9.  07.  » 
SOflO  w.     tOc. 


The  Spark  MMhod  for  Grading  StMla 
Albert  P.  Sbore.  Am  Hack — Aug.  is.  07. 
2  flga.      ISOD  w.     SOo. 

Treatmeat  of  Waate. 

Tbe  Systematic*  Treatment  of  MetalUfer- 
oua  Waate.  L.  Parry.  MIn  Jl — July  27, 
07.  3000  V.  Aug.  3.  7600  w.  Eacb  40o. 
Olacnaeea  the  ameUtng  of  lead  and  tin  aabea 
and  anUmonial  material. 


The  Treatment  ol  Zinc  Orea.  Prot.  P. 
W.  Traphagen.  UlnoR  ft  Mloerala — Aiig., 
07.  1  fig.  3000  w.  iOe,  DlitcuwieB  wet, 
magnetic  and  oil  ouncentratinn,  electroctatlc 
aeparatlon,    ameltlng    and    cbemlcal    in«lh- 


MINING  ENGINEERING 


and   Mineral   Dopualia, 
C.   NleboUa.      .MIn   WId— 
j«  w.      20c      OIVBB   table  of 
!her  tests  with  Instructlous. 
i. 

A  Mine  Dam  to   Recover  Flooded  Work- 

Bga.     Jobn   H.   Haerter.     Eng  ft   HIn  J I — 

i  AaS-   IT.  07.      4   flgs.      2H00   w.      2i>c.      Do- 

■■trlb«a  methods  of  overcoming  dlfflcuUleB  in 

BatracUon    at    Ibe    Buck    Run    Coal    Co.'e 

lUerr.  noar  Mlneravllte,   Pa. 

Bttamlnoni   Coal   Washing.      G.   ».   Dela- 

t.     Mines  ft   MIn— Aug..  07.      TuOo   w. 

DiacoMea  tbeorlee  and  prloclpleB  and 

I  eOdancy  formulas. 

New  Supplies  of  Antbraclle  Coal.     W.  B. 

Bag  ft  Min  JI— Aug.   3.   07.      3200 

SOc     States  that   recent   dlacoverles  In 

V I  Tan  la    upset    eatabllsfaed    geological 

I  and  point  to  the  existence  of  coat- 

was   In   unexpected   locations. 

fUek-Ban  Haulage  in  Coal  Mines.  Oeorge 
Ljweh.     Eng  ft  Mln  Jl— Aug.  3,  OT.     6  flgs. 
40M  w.     lOr.     Describes  methods  for  sup- 
ordlnarr    traction    where    steep 
I  oecar  In  mines. 

I  Baggerldge  Colliery.      Mines  ft   Mln- 
-Aag..    07.       J    ngs.       3600    w.       40c. 
OI««i  aa  acconnt   o(  tbe  development  of  a 
t  ot  the  thick  coal  of  Staffordshire, 


Tba  Parchaeo  of  Coal  L'oder  SpeclDca- 
J,  B.  Woodwell.  Ir  Tr  Rev — Aug. 
■  000  w.  30c.  Abstract  ol  a  paper 
■d  at  tbe  Atlsntlc  City  (May,  07) 
I  of  the  American  Society  for  Testing 
lia. 

Tba  Ultimate  Crushing  Strength  ot  Cosl. 
DanMa   and   L.    D.   Moore.      Bng   ft 
— Aug.  10.  07.      e  Dgs.      4200  w.   20c 
■   methods    used    to   determine   tbe 
power   of   anthracite   and    bltuml- 
■  ooala  and  glres  tbe  results  obtslned. 


Mining  In  tbe  Boundary  Copper  Field, 
British  Columbia.  Ralph  Stokes.  MUt 
Wld— Aug.   3.  07.     &   flgs.     5000  w.     30c 

Tbe  Marble  Bay  Cupper  DeposlL  O.  B. 
Leroy.  Mln  Wld— Aug.  IT,  01.  2700  w. 
20c. 

Comwlmn. 

Corundum  at  Cralgmont,  OnL  IL  E.  T. 
Haultain.     Can  Mln  Jl — Aug.  1.  OT.     3  if. 


aoid. 

Gold  Mining  In  ICgypt.  C.  8.  Heralg.  Mln 
ft  Sc  Pr— Aug.  17.  07.  5  flga.  SSOO  W. 
20c 

Notes  on  Hydraulic  Mining.  Ulnea  ft 
Minerals — Aug.,  07.  6  Oga.  &300  w.  4Dc 
Discusses  Ibe  subject  wlib  special  reference 
to  tbe  Cariboo  District,  British  Columbia 
and   Yukon  Territory. 

Operations  and  Processes  at  the  De  Been 
Consolidated  Mines.  Eng  News — Aug,  B, 
07.      4   flgs.      ISOO  w.      20c. 

Working  Coats  on  the  Rand  and  Compaq 
Isonit    with    Mines    In    California. 
Browne.      Hln   ft    Sc   Pr— July    37.    0T.« 
flgs.      3900   w.      ZOc.     Abstract   of  a  f 
rend   belore   the   South   African   . 
of  Engineers,  June  1. 

Iron. 

Mining  Methods  on  tbe  Oogeblc  Iron 
Range.  Reginald  Meeks.  Sac  ft  MIn  Jl — 
Aug.  10.  07.  1  flgs.  4S00  w.  lOc.  D»- 
scrlt>e8    the   steel    shafts    and    head    (ramat 

The  Iron  Ore  MInea  of  tbe  MasaM  Raaga. 
Reginald  Heaks.  Bag  ft  Mln  Jt— Aa«.  t. 
07.      8  flga.     SOOO  w.     lOc 


TECHNICAL  UTERATURE 


Mieroscopicml  Ezmminatioii  of  Ni^elifer- 
cms  PyTThotites.  William  Campbell  and 
Cyril  W.  Kni^t.  Mln  Wld — Aue^  3.  07. 
2900  w.  20c.  Abstract  of  paper  read  at 
Toronto  meeting.  Can.  Mg-  Inst.,  March, 
1S07. 


Lodes  In  the  Tertiary  EmptlTes  of  Col- 
orado. T.  A.  Richard.  Min  4b  Sc  Press — 
Aug,  10,  07.     3  fl«8.     2400  w.     20c 

Ore  Deposits  in  Serpentine.  William 
Forstner.  Min  4b  Sc  Pr — July  27,  07.  2300 
w.     20c. 

The  Relation  of  Ore-Deposition  to  Physi- 
cal Conditions.  Waldemar  Linderen.  Min 
4b  Sc  Pr — An^  17,  07.     4800  w.     20c 


The  Essential  Date  of  Placer  InTesti^a- 
tions.  J.  P.  Hatchina.  Enip  4b  Min  Jl — 
Axig.  24,  07.     3  figs.     3900   w.     20c 

The  Nomenclature  of  Xodem  Placer  Min- 
ing J.  P.  Hatchins.  Kng  4b  Min  JI — Ans^ 
17,  07.  4  ligs.  2800  w.  20c.  Describes 
the  nnmeroos  classifications  of  placers,  and 
the  origin  of  placers  and  methods  of  ex- 
ploitation. 


Matt 

1700 


Practical  Points  for  Prospectors. 
W.  Alderson.  Min  Wld — Aug.  3,  07 
w.     Au«.  10.  3000  w.     Each  20c 


A  Machine  for  Stripping  Roch  and  Ore 
Bodies.  Eng-Contr — July  31,  07.  1  fig. 
1400  w.     20c 


Sinkini?   Through    Bad    Ground. 
Adgate.      Min    4b    Sc 
2€00  w.     20c. 


Granite  Quarrying  In  Aberdeenshire. 
William  Simpson.  Engg — ^Aug.  2,  07.  11 
figs.  4000  w.  Aug:  5.  7  figs.  2200  w.  Each 
40c.  Paper  read  before  the  Inst,  of  Me- 
chanical Engineers  at  Aberdeen,  July  30th; 
discussing  the  machinery  and  methods  em- 
ployed. 


P.    W. 
10,    07. 


The  Cobalt  SilTer  Field  as  an  Industry. 
Ralph  Stokes.  Min  Wld — ^Aug.  24,  07.  7 
figs.  3€00  w.     20c. 

The  Daly-Judge  Mine  and  MilL  Paul  A. 
Gow,  Andrew  M.  Howat,  George  S.  Kruger 
and  F.  H.  Parsons.  Mines  4b  Minerals — 
Aug.,  07.  4  figs.  6000  w.  40c  Gives  a 
description  of  the  reins,  methods  of  work- 
ing, timbering  and  figures  as  to  produc- 
tion. From  a  graduation  thesis  submitted 
to  the  Colorado  School  of  Mines. 

Vein  Formation  at  Cobalt,  Ontario.  J. 
B.  Tyrrell.  Can  Min  Jl — Aug.  1,  07.  3 
figs.     2400  w.     40c 


Subsidence  in  Underground  Mines.  Alex- 
ander Richardson.  Eng  4b  Min  JI — Aug.  3, 
07.  7  figs.  5700  w.  20c  A  summary  of 
inrestlgations  upon  certain  problems  in 
mfntng  that  heretofore  hsTe  been  little  dis- 


Ground  Breaking  in  the  Joplln  District. 
Doss  Brittain.  Eng  4b  Min  Jl — Aug.  10,  07. 
«  figs.     3700  w.     20c 

Open-pit  Zinc  ^Une  at  Webb  City,  Mo.  F. 
Lynwood  Garrison.  Eng  4b  Mln  Jl — ^Aug. 
17,  07.     11  figs.     »00  w.     20c 


HUNK3PAL  ENGINEERING 


The    Asphalt    PuTement    on    the    Thames 
Embankment.     Eng  Rec — Aug.    24,   07.      5 
1100  w.     20c 


Cement  FUIer  for  Brick  Pavements.  Mun 
; — ^Aug..  07.  3  figs.  2300  w.  20c 
(Hres  the  requirements  for  the  best  known 
construction  which  are  eml}odiM  in  specifi- 
cations  approved    by    the    Nat.    Brick    Mfrs. 


VKwimg  Matoriafe  of  Oie  Fwnure. 

Will  the  Paring  Material  cf  the  Present 
be  Used  in  the  Construction  of  the  Pave- 
ments of  the  Future?  George  w.  Tillsen. 
Eng  News — Aug.  1.  07.  l-j').*  w.  2'.ic 
Opening  of  an  informal  discussion  on  pave- 
ments at  the  snnnal  convention  of  the 
American  Society  of  Civil  Engineers*  July 
10. 


The  Kings  Highway.  Reginald  Ryres. 
Surr — Aug.  9»  07.  4  figa^  5300  w.  40c. 
XV.     The  Roadside  Trees. 


Sanitary  Construction  and  Maintenance 
of  Suburban  Roads.  Geo.  W.  Chilyers. 
Surr — Aug.  23,  07.  Paper  read  lately  at 
Margate  before  the  Institute  of  Sanitary 
Engineers. 


Wind  awl  $aow«  Effects  oC 

The  Ktng^^  Highway.  RegiaaU  Ryres. 
Surr — Aug.  23.  07.  <»  figs.  52t#  w.  40c 
The  etfects  of  wind  and  snow.  Cooduaion 
of  series. 


:^WERAGE. 


racers. 


Sewage    Elxperiments  at 
ba>'.     Gilbert  J.   Fowler. 
S.  07.     2  llga^  2000  w.     20c 


TECHNICAL 

Ftlt«n  Compared.  Mun  Jl  ft 
■Anr  1«,  OT.  3300  w.  !0o.  DIsrusceM 
lira  dlapoBltlon  ot  organic  mut- 
.  FaoUcl  aad  Hprlnkltng  niters, 
lU  obtalnmt  at  Lawrence.  Btr- 
anil    L««ds. 

sail   Aba>«  ot  oewagfi   Purlflca- 

PtaBU.  A.  Elliott  KJmberly.  Edk 
Auk-  si,  07.  esOO  ».  ZOc.  paper 
'  '  th«  Oblo  EnKlueerlDg  Society. 
Work  Kt  tb*  Mad«ltne  S«wii8«  Experltiient 
AkUob.  PMttfur  iDBUtale  ot  Utle.  Fruaw. 
Mmrim  B.  Plivlpa.  Bns  News — Aug.  IG.  OT. 
nco  «.  20r.  D««crlb«s  results  obtalDod 
IB  «sp«rltD«ii(s  wim  contact  beds  and  trlck- 
liDie  attar*. 

KiitY  ntt>hln«  I'UnU. 

RlTvr  rtushlns  Plants  at  Milwaukee, 
Wla.     Bitg  News — Aue.   1.  07.     6  flga.  3000 

BaaHMT  Code.  MoatcUlr,  N.  J. 

n«  Revtaed  Banttair  Code  of  the  Town 
■r  UflBtclalr.  N.  J.  Eng  News— Aug.  22. 
•7.  14.104  w.  SOc.  Gives  text  ot  a  code 
••olTvd  durlUK  the  Inst  12  yeara  by  a  biic- 
eaaalen  ot  oipert  aanltary  englneera. 

ni  iiM^  pBnplag  StmUoa,  Chicago. 

Ckltaco'B  Tblrtr-Nintb  Street  Sewage 
PuaptBff  Sutlon.  EagT — Aug.  1,  07.  IS 
ftgi.  7(40  w.  SOc.  Desciibea  a  new  plant 
with  ■  capacity  tor  bandllng  1. GOO. 000  gala. 
ot  awwa^  and  lake  water  per  tnlo. 

t»w^*  of  BKlMlnfa. 

Roniklng-ln  Plumbing  In  Buildings.  Jno. 
K.  Allan.  Dom  Bngg — Aug.  3.  07.  1  Hg. 
IStO  «.  Ang.  17.  1  Dg.  3100  w.  Each 
S9c.  Ang.  3;  Describes  packing  ot  lolnla. 
tko  nee  and  coat  ot  tile  pipes,  etc.  Aug- 
17:      Sewer  teeta. 

Tke  Sanitary  Sewerage  ot  Bulldlng>. 
Tliomaa  8.  Alnge.  Dom  Bngg — Aug.  10. 
«:.  1  Hg*.  StOO  w.  Aug.  24.  3  Use.  2200 
w.  Each  :0c.  fifth  and  alith  Inatallmenta, 
daaUng  wiu  toilet  rooms. 


Capacity  ot  l^implog  Cngltteo,  Increasing. 

Increasing  the  Capacity  of  Old  Water- 
works Pumping  Engines.  A.  P.  Blaclt- 
atead.  Eng  News — Aug.  1,  07.  1  fig.  tOO 
w.     2  0c. 

Cleaning  Wal«r  Mains. 

Cleaning  an   S-Id.   Coat   Iron  Water  Main 

In    Pltlaburg.    Pa.      J.    I>.    Underwofid.  Kng 

Newit — Aug.    la,  07.      2  Dgs.      1500  w.  JOc, 

Dams  and  Hratrrvolni  In  .tmerlca. 

Water- works  Construrllon  In  America. 
Brneat  R.  Matthews.     Water— Aug.   IS.  07. 


Cwwtntctlng  a  Sewer  Under  the  Brook- 
lira  fiabway.  Bng  Rec — Ang.  31.  07.  6 
■IB.     SSOO  V.     lOc. 

IVmMib,  DbpoaM  of. 
K«peK  OB  the  DtapoaBl  of  Trade  Waatas 


WATER  HTPPLT. 


WntBT    Sflp^llea    by    Ueana    of    Artesian 
1  Take  Wolla, — I.      Herbert   F.   Broad- 

Vater— Ang.   16.  07.     300  w.     <0c 

■TroB  •  *BP*r  rvn^  before  the  Institute  of 
MlBlag  KaglRoer*  at  the  London  meeting. 
1M1. 


PUIer  KxperUiienU. 

Experiments  with  a  Jewell  Filter  at  Ih« 
Posen  Water  Works.  B.  A.  Glealer.  Bng 
Rec — Aug.    10.   07.      3000   w.      20c. 

Flexible  Wairr  Pipe. 

Armored  Flexible  Water  Pipe  for  8nb- 
aqueous  Conduit.  Bng  Newe — Ang.  IS.  07. 
1  flg.     700  w.     20c. 

tin>und-Wat«r  Supply. 

A  Study  of  Ground-Water  Supply.  Eng 
Rec— Aug.  3,  07.  !  ngs.  1800  w.  »0c. 
Notes  on  an  Investigation  by  N.  Wyncoop 
Klersted  on  problems  met  wltb  In  serurinc 
water  supplies  from  gravel  strata. 

HlRh  PrwMiire  Fire  Mala  Byatem,  New  York. 

New  York's  High  Pressure  System.  Ins 
Engg— Aug..  OT.  7  ngs.  3700  W.  40c. 
Describes  Are  main  system  for  protecting 
the  congested  value  district.  iitlUiIng  river 
water;  the  pumping  stations  to  be  operated 
by  electric  power. 

Lime  Biiil  .Magneaia  Id  Water,  Eatlniation  of. 

The  Estlrastlon  ot  Lime  and  Mnjcncsla  In 
Water  by  Volumetric  Methods.  W.  T.  Bur- 
gees. Chero  Bngr — Aug..  07.  1  Og.  2000 
w.  40c. 

OrtcabU  Water  Works, 

Some  Notes  on  Oriental  Water  Worka. 
George  A.  Johnson.  Bug  Rec — Aug.  24. 
07.  6100  w.  20c.  Paper  read  before  the 
American   Water-Works   Aasoclatlon. 

Pipe  Jotnta. 

Joints  In  Underground  Piping.  Met  Wkr 
—Aug.  17.  07.  I  flg.  2300  w.  lOc.  De- 
scribes methods  of  making  lead  and  cement 
Joints  and  their  reapecllve  advantagee. 

PnrHlcallon   Plan  la. 

New  Water  Purlfleatlon  Plant  at  Exeter, 
N.  H.  Robert  S.  Weston.  Bng  New* — 
Aug.  S,  07.  12  flgs.  3200  w.  30c.  De- 
scribes  coagulating  basin  and  Biter  uaed. 

The  Water  Purlflratlon  and  SotlaBlnC 
Worka  at  New  Orleans.  La.  Bug  Roe — 
Aug.   31,  07.     B  figs.     2800  «.     SOc 


TECHNICAL  LITERATURE 


Mtm^iniliiMi    W&UQ-    Works    of    Bosuhu 
Mmm      Oaieb  JiiUt  teTiUe.      Miui   Eass — 

ftunnltiktmc  rMmrvdrt  a»d  pipe  llaet  of  the 
W'tab  Kod  uteo  MTiliaTy  proieciioa  offeroA. 

TT^f  3i«DT9«ataLB   W&teT  Snpplj  System. 
«  ^^      ^^l»|i  ir.     «lkL     DfiKTibcit  the  T&ii- 


tio: 


aqvedvets  and  pampiiis  sta- 


Mimicdpa]  €ae  d 
car  H.    Bolea.     Mas 

07.    sieo  1 

statns  of  Sap: 

latiT^   enacHDenta 

claB  for  public  laipnyvcaienta. 


Patestel  Articlea.     Ed- 

Jl  it  Ensr — Jnly   31, 

Poacribea  the  present 

decisioiis  and  legis- 

patented    arti- 


RAILRQAD  ENGINEERING 


cuxmrnixTKKX. 


t^  Pis^j&A  £ia»  CVtasci  s  Kirt 
fa  te«i      I  i  M   II       rh{. 


^.      i'li;.      TTTii*   ?r:vai;iaik-   3U::>rviaiUi. 


p^nn^  a.  H.  'o  -^aAe  cat^  oi  aa  lacrtiUft  ol 


IT      S 


Slftc     Gires 


Cbaits  for. 

C.     Ward 

.    24,   07. 

chart  show- 


Va;^x>e    «f    RaaroAd    Improrements. 

W.   «GcfcaMHL      &as  Mac — Sept.,    07. 

«!•;.     AX  «EUsMaia(^  of   money 


f\v 


SC  viiu — JLi«{:  I  J.  J*,  i  Iffft.  !»«<»  V.  20c. 
IXMvrtiMi^  X  imsipL  ^  somC  pasoesger  car 
>a^r.  luj-^iv   ji  jtrwamt  ice«£  shapes. 

^{Nvna.  <0mc«  Wi^mu^  Gs«at  Central 
:<:&:. ^ac'  Ci^.  Sli^9 — A-z^L  5.  +T.  2  fi^. 
:  hnt  M  ^  ic.  I>McnIhK  crPiH  of  BnsUsh 
l>f(^~.  vnir*»  jur  H.>f»»f:ti*y  ipcote  of  unusual 


':^r*iUA  ?>Mipic  T^nttiniil  of  tik*  Central 
H:i.tr*i«iu  H  \^m  Jurwy.  3^  Oic  4k  M  of 
'*:K-    AiA      i"       i  aipi.      14iW   w.      2#c. 

ScuAti     ;v>>c    ?^£ur*»   ^m    gOcaac    Planting 

w    ^isk.;ka^.<\i     ^"'jutpwuod    LdcomocLTv    for 

^''K  >%*  :i«;  ^iiou^  jiii^r  letuur^Ok  an  equal* 
«>^vi  .s'^.i%:vvicii  ji  iiti  in^tjic  ami  pilot 
v.\^*    u  ■•^Avxj   ji   i  i'Ou:*^'Jvii«Mieii  cmc^ 

V   \vu    -»a    JoiUiKJua*i   Z.»iciimociYeB..      M. 

.;   -ijis^.       ■vv    h.      itjc.      A  dcud?  ft»r  ftKer- 
u^.u:U:^  '^.>^.    .\;uAiK>uiiuitk£  ^uii^  koc  prodnccd 


BeU 
^   Dwcrtl 

^B      Cmtu 

■^  Stoo   ' 

^m    am 


TECHNICAL 

Bethwvlt  Conrerllbla  Locomotlva.     Ry  ft 
_  :  -_    -.  *  flw.     900  w.  iOc 

IImmtIImi  aa  onltiiarx  S-wneel  locomotive 
;«««iptP«d  widi  aup*rtiDin«rary  amall  8«ar«d 
'ArlT«B  wbldt  cut  b«  droppud  to  ibc  track 
|U«  Imrs*  dii*M  twine  llttad  rroin  th« 
imUa)  whaa  oa  critical  cradai 

_    L«a)u    In    Locomotlva    Boll«r 

Tvbaa.  Snc  N«wa — Aus.  29.  U'.  o  dica. 
tCOO  V.  tOc.  Qtvea  Uie  glM  of  a  paper 
f«ad  br  Mr.  H.  E.  Wells  bclars  tbo  Ant.  Rr. 
Utfchanica'  Aun..  Ju 
Ctaaalni  Locomotlva  MaclUnarj. 
_aaur   Hactt—AuK..   OT.     a   nga.      1440 

DaOklin  Pour-Cylinder  Compound  Loco- 
BoUie.  Parla-Orleans  Rj^.  Ry  Master  Met^lt 
— Aa|..  oT.   4  nga.      ITOO  w,     SOc. 

LocontoUve  Smoke-Box  Arrangemenm.  E. 
W.  RoRera.  Bollvr  Maker — Sept.,  07.  9 
■Ca.      1600   W.      20c. 

LoeomoUv*  Traction.  J.  Jatin.  Z  V  D  1 
— Jnly  !0,  i>7.     5  flsa      4000   w.     60c. 

LAeomotlTea  (or  the  Uancaablre  and  York- 
ahlr*  Railway.  Env« — Aui.  9,  07.  3  llxa. 
1100  w.      40c 

Itallct  Compound  Locomotlvea  for 
PrwlBbl  Sarrlca.  Oraat  Northern  Railway. 
ttr  Haatar  M«ch— Aue-.  07.  5  nga.  600 
w.     tOc 

PacUe  Locomotlva  (or  the  Pennarlvanla 
Uaaa.  Sjr  Asa— Auc  23.  07.  1  Bg»,  1200 
V.     10c 

PadHe  Locomotive  for  the  PennsylvBDlB 
LISM  Wwt  R  R  Oai— Auk.  30,  07,  7 
Sen.  1800  w.  lOc.  Describes  a  4-6-2  lo- 
ceneUva  which  )■  the  Iteavleat  paaaeoger 
»^^^T^*  bolli  up  to  the  preaent  time. 

autaan-Wbeol  Mallet  Compound  Locomo- 
tive (or  the  Brie.  Ry  Age — Aug.  9.  07.  6 
ftff.  1400  w.  Aug.  16.  3  Dgs.  1000  w. 
Back  aOc 

Sbt-Wbaal  Coapled  Locomotive  (Meler- 
Oaca)  for  tha  raderated  Malar  Statea  Rall- 
vaya.      BimK — July   26.   07.      600  w.      4uc. 

ftapaiitaaUd  Steam  Pasaenger  Locomo- 
thwa  (flariaa  B  \).  Swlu  state  Rallwaye. 
H.  WalM.  Bebw  Bau— Aug.  3.  07.  6  Dga. 
»«•  w.     «0c 

T^BIa    of    the     Uve     Ixtad     on     Driving 

Cbarlea   A.   Howard.      Ry    Age— 

1.   OT.      fi   flga.      2300   w.      30c.      De- 

raoordint   apparatua   tor   test  in  k   lo- 


iE 


^43 


If    Slael    In    Locomotive    Con- 
.    A.    Lart.      Caaa    Mag — Sept.. 
07.     S«00  w.     40c. 

Tmettva  Force  of  the  Mallet  Compound 
LosoBoU'va.  T.  F.  Crawford,  Ry  Maaler 
Maefe — Ave-.   07.      14.800   w.      10c. 

Vaaadlam  Steal  (or  Locomotive  Pramea. 
C  C  Ballb.  Ry  A  Bug  Rev— Aug.  11,  07. 
1  ac.     1X00  w.     lOe. 


PralcM  Car  Repair  Shop  at  McKeaa 
■ocka,  P.  A  L.  BL  R.  R.  Ry  Maatar  Macb 
-Aa».  OT.     IB  flea.     1400  w.     tOc 


HiCBaUay. 

Railway    Slgoallas.      W.    B.    Foster.      El 
Jl — Aug.,  07.     9  llga.     2800  w.     10c.     VI.— 
Automatic   block  algnaltng.  direct  current. 
Track. 

Center-Bound  Track  a*  a  Cauaa  ot 
Spreading  kalla.  Bng  News — Aug.  IS,  07. 
l!tOO  w.  20c.  Abstract  or  a  paper  read  In 
"The  Tecbnograpb.  "  Univ.  a(  III..  Cham- 
paign. 111.     Vol.  XXI. 

Construction  of  Second  Track  Accompa- 
nied by  Reduction  o(  Oradlent.  H.  H. 
Knowlton.  Bng  Newa— Aug.  29.  07.  3600 
w.  lOe.  Abstract  o(  a  paper  In  the  "Pur- 
dne  Engineering  Review"  for  1>07. 

Note  on  the  Bcooomlc  Renewal  and  Main- 
tenance o(  Railway  Tracka  lor  High-Speed 
Traffic.  Engr— Aug.  13.  07.  7  llgs.  2200 
w.  40c.  Summary  o(  a  French  ctvU  enfl- 
neer's  Investigation  reported  tn  tha  Bulle- 
tin of  tbe  International  Ry.  Congreaa,  April, 
07. 

Notes  on  English  Track.  Bag  Newa — 
Aug.  8,  OT.  1200  w.  20c.  Deacrlbea  and 
Uluatrates  Joint  and  Intermediate  caat-lroo 
chairs  uaed  on  the  Great  Northern  Railway. 

Roadway  Concrete  Construction.  C.  B.  * 
Q.  Ry.  Ry  Bng  *  Main  ot  Way— Aug..  07. 
7  Dga.     1400  w.     10c. 

The  Origin  and  Production  ol  Corruga- 
lion  of  Tramway  Ralls.  W.  Worby  Beau- 
mont. Bngg— Aug.  16.  07.  2000  w.  4Do. 
Paper  read  before  the  British  Aaaoclatlon 
at  Ldcaater.  Aug,  6. 

Track   El«TatloD  oa   tti«  Mllwinkw   Dt* 
vision.  Chicago  tc  Northweatorn  Hallway.  Ry 
Age — Aug.    16.  07.      ID  llgs.      2500  w.      10c. 
Train  lUalsiance. 

The  Resistance  of  Railway  Trains.   Bngg 
—July    26.    07.      1    ag.      3300    w.      40c.      A 
summary    and   dlacuaslon   of    nine    traln-ra> 
slstanoe  formulaa. 
TuraUble  Pit. 

Standard    Turntable    Pit:     Saa board    Air 
Une  Ry.     Phillip  AyletL     Bag  Newa— Aug. 
la.  07.     2  flga.     UOO  w.     30c. 
Warrhunae. 

Newark  Warehouse  of  the  Central  Rail- 
road ot  New  Jeraey.  R  R  Qaa — Ang.  80, 
07.     6  ngs.     1300  w.     10c 

STIIKKT  AND  ELECTRIC  RAILWAYS, 
("urrml  Itliarlballon. 

Distribution    ot     Current    to    Trains    oa 
Electric  Railways.     Ry  Bngr — Aug..  07.     4 
tlica.      SHOO    w.      40c      I.      DlatribuUon   by 
contlnuoue  currents. 
KlMtrically-Bqalpped  Roada, 

Conatrtictlon  Feat  urea  ot  the  Ooaan 
Shore  Railway.  B)  Ry  Rev— Aug.  3.  OT. 
ID  Oga.  3100  «.  10c.  Deacribea  tbe  con- 
atruetlon  of  a  double-track,  hlgb-apeed  elec- 
tric line,  63  mllaa  long,  now  being  built  to 
connect  San  Franclaco  with  Banta  Cnti. 
Cal. 
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TECHNICAL  UTERATURE 


Electrillcmtion  on  the  New  York.  New 
HmTea  4b  Hmrtford  Railroad.  E.  H.  Mc- 
Henrr.  Kl  Ry  Rev — Aug.  17.  07.  5  figs, 
4300  w.  20c.  Descriptive  of  the  work  and 
equipment,  br  the  rice-president  oC  the 
road. 

Great  Western  Railway.  Tram  Rj  Wld 
— Au«.  1.  07.  2  fl«8.  1200  w.  40c.  De- 
scribes the  new  electric  supply  system  oC 
the  Great  Western  Railway,  England. 

laterurban  Railway  Derelopment  Near 
MUwaukee.  St  Ry  Jl — Aug.  3.  07.  3700 
w.     20c. 

laterurban  Traction  Lines  near  Rome, 
Italy.  A.  de  Courcy.  West  Elecn — Aug. 
17.  07.     4  figs.     ISOO  w.     40c. 

The  Atlantic  Shore  Line  Railway.  £1  Ry 
ReT— Aug.  24.  07.  13  figs.  5000  w.  20c. 
Describes  a  recent  opening  by  the  Atlantic 
Shore  Line  Railway,  a  new  railway  connect- 
ing York  Beach  and  Kennebunk.  li^ 
miles,  making  possible  a  through  trip  from 
New  York  City  to  Bath.  Me. 

The  Eleccriftcatiott  of  the  Hammersmith 
4fc  City  Railway  Branch  of  the  Great  West- 
ern Railway  'London*.  St  Ry  JI — 12  ftgiL 
»♦}•]   w.     20c. 

The  Pittsburg  4fc  Butler  Street  Railway 
Co. — IL  M.  N.  Blakemore.  Str  Ry  Jl — 
Aug.   17.  07.     20  figs.     4200  w.     20c. 


Electric  LocomociTe  of  the  New  Tork» 
New  HaTen  4t  Hartford  Railroad.  EI  Wld 
— Aug.    24.    •J7.    11    figs.      «000    w.      20c. 

Electric  Traction  on  Railways^  Philip 
Dawson.  Elecn — Aug.  ?.  07.  J'JOO  w. 
4<Jc.  ILL  Remarks  on  the  choice  of  ac- 
celerators and  motors. 

Single-Phase  ts^  Direct-Current  Railway 
Openition.  Malcolm  McLaren.  SI  J I — 
Aig.,   07.      4200    w.      2*>c. 


Cacenary  Line  Construction  on  the  New 
York.  New  Haven  Jk  H;irtford  Railroad.  SI 
W!d — Aug.   17.  07.     10  figs.      ^4'JO  w.    20c. 

The  Overhead  Construction  o£  the  N^v 
Haven  Railroad.  Str  R.v  j: — Aug.  IT.  07. 
20  figs.  57»iO  w.  20c.  CVaJ*  in  exLeosiv** 
detail  with  the  overhead  coast  ruction  ^nd 
rraasmission  systems. 

Pliwer  SCaCioiM*   lBfierboeo«|(h  K.  T.   Co. 

Principal  Dimensions  and  Da '-a  ot  Power 
StauonSy  Sub-^tatioos  and  Traasiu  i»sioa 
Svscem  ot  the  Ia:^r?)o.-oUjib  Ksjid  Trti-j*it 
Company.  H.  G.  S:.oLt.  Bl  J I — Ajg..  i". 
4i00  w.     20c. 


A   Machine   for   La:'ia<j   Ra::s    in   :>ireect>. 
5c  Am  Su3 — Aig.  24.   i:.     3  a^sj.     :*^0«;  w 
2'ic.     De55v:r-bes  apparac'is  for  .^:r'n^  imcks 
without  impeding  -jriidic. 


NOTES    FROM    THE    ADVERTISING    MAN'S 

SCRAP-BOOK. 

Indnstrial  publicity  is  a  new  thing.  It  is 
still  young  and  learning  to  walk.  I  sometimes 
think  that  no  one  appreciates  the  possibilities 
of  publicity  so  much  as  the  Publicity  Man  him- 
self. And  its  appreciation  in  the  industrial 
field  is  a  thing  of  yesterday  morning.  The 
day  before,  no  one  thought  of  it.  But  *'the 
old  order  changeth,  yielding  place  to  the 
new.*'  For  all  that  there  is  no  industry  that 
has  all  the  publicity  it  needs;  there  is  none 
that  has  begun  to  more  than  taste  the  fruits 
of  advertising;  there  is  no  industry,  there  is 
no  metal-working  manufactory  that  spends 
money  enough  on  publicity.  Manufacturers 
are,  no  doubt,  accustomed  to  say  "Publicity 
costs  so  and  so":  they  are  not  yet  accustomed 
to  think  "Publicity  earns  so  much."  That  is 
a  part  of  the  lesson  they  have  yec  to  learn. 
And  they  will  Icam  it»  and  appreciate  it.  Yet 
I  once  knew  a  manufacturer  who  said:  "We 
are  getting  too  much  publicity.'*  There  are 
evidences  that  his  opinion  is  changing. — Ar- 
thur Warren,  formerly  Publicity  Manager  for 
AUis-Chalmers  Company. 


The  American  people  want  to  know  about 
everything:  it's  a  part  of  tlieir  intelligence. 
An  advertisement  tells  them  about  some  one 
thing — tei:s  Lhem  satisfactorily,  if  it's  right 
Then  they  want  that  thing. — ^"Printers'  Ink." 


The  foremost  ad'vertising  virtue  is  persist- 
ent repetition.  One  can  no  more  make  a  sin- 
gle effort,  however  large,  serve  for  a  year's 
publicity.  Lhan  !te  could  gee  physical  nourish- 
ment, for  a  like  time,  from  a  single  dinner. — 
*"Pri:ittfi5"   Ink.  " 


Improved  Interurhaa  Train  Testing  .Vp- 
pararis.  Sydney  W.  Ashe.  St  I^  JI— S 
ftgsk      5)  00   w.     20c. 


Are  :"jii  Ad%erti»iag?  Ton  might  as  well 
think  t:o  win  a  foot  race  wixh.  your  feet  tied 
3d  :o  ^ope  :o  increase  your  salea  in.  these  days 
without  :jersi:sLeu:,  sy^stematic  advertising. 
Make  up  your  mind  now  thac  yoa  wiU  in- 
crease your  sales  ^wenty^Ye  p«v  c«nt.  tills 
fall — more  \1  you  can.  ^uc  no  leasL  Lay  your 
plans  :^or  s  ^aerous  and  weil'-plauaed  adrer- 
:isi!i£;  .*-dni;>a:^!i  :hdC  vili  make  folks  sit  up 
and  ::iX<e  uocic«e.  ijec  all  ihe  help  yoa  can  and 
:heu  iecerm:n^  '.o  spend  a  liberal  sum  3roar- 
^\i.  li  >«!;i  di!  oome  ^ack  :do  you  with  inter- 
est— in  increased  sales — "Ralsooit  H— Ith 
Shoe  Booklec.  ' 
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ELECTRIFICATION   OF  THE  NEW  YORK, 

NEW  HAVEN  &  HARTFORD 

RAILROAD 

By  E.  H.  McHENRY.  Vice-President 

CONDKNSED  FROM  THE  "ELECTRIC  RAILWAY  REVIEW." 


The  terminal  tracks  of  the  New  York  & 
Harlem  Railroad,  between  the  Grand  Central 
■tatlon.  New  York  City,  and  the  junction 
point  at  Woodlawn,  12  miles,  are  jointly 
leased  and  operated  by  both  the  New  York 
Central  and  the  New  Haven  companies.  The 
tone  of  electric  operation  on  the  lines  of  the 
latter  extends  21  miles  farther,  to  Stamford. 

The  New  Haven  company  was  one  of  the 
earliest  pioneers  in  the  fleld  of  heavy  elec- 
tric traction,  and  has  operated  six  of  its 
shorter  branch  lines  by  electricity  In  com- 
mercial service  for  a  number  of  years  past, 
beginning  as  early  as   1895. 

The  calculations  and  experience  of  the  rail- 
road company's  engineers  indicate  that  the 
total  coat  of  a  single-phase  installation  will 
be  much  less  than  that  of  the  continuous- 
current  system,  and  that  the  higher  electrical 
efllcleno',  lower  fixed  charges,  maintenance 
and  operating  expenses  of  the  single-phase 
system  all  tend  to  reduct  the  relative  cost  of 
current  delivery  to  the  engine  shoes  in  about 
the  same  proportion. 

The  choice  of  frequency  was  practically 
fixed  by  the  manufacturing  companies  within 
Lmlta  of  15  and  25  cycles,  and  the  compara- 
tive merits  of  these  two  rates  only  were  con- 
sidered. Under  existing  conditions  it  was  de- 
rided th^t  the  practical  ^^omme^ctal  value  of 
the  higher  frequency  outweighed  the  more 
theoretical  merits  of  the  lower  one. 


Under  general  conditions  it  is  altogether 
improbable  that  the  direct  savings  resulting 
from  the  simple  substitution  of  electric  for 
steam  power  will  be  sulQcient  to  justify  the 
additional   Investment  and  financial  risk. 

It  may  be  claimed  for  electric  traction  that 
it  will  extend  the  limits  of  profitable  opera- 
tion of  high-speed  heavy  trains,  and  also  of 
light  trains  of  low  capacity.  Other  but 
relatively  minor  advantages  are  possible  In 
the  effect  upon  earnings.  The  availability 
and  value  of  real  estate  and  structures  at 
largo  terminals  will  be  greatly  augmented  by 
the  posHibilities  of  using  two  or  more  super- 
imposed track  levels,  as  strikingly  exempli- 
fied in  the  plans  for  new  terminals  In  New 
York  City  for  the  new  York  Central  and  the 
Pennsylvania  companies. 

OVKKHKAU  SYSTEM. 

Overhead  Catenary  Construction.  —  The 
overhead  Hvstem  consists  of  two  steel  cables 
of  especially  hlj^h  strength,  supported  at  In- 
tervals by  steel  bridge  structures.  A  copper 
conductor  or  trolley  wire  (No.  0000  B.  A  S. 
gauge  grooved)  is  susi>ended  Ih*1ow  the  two 
supporting  cablt^s  by  means  of  hangers  placed 
at  frequent  intervals. 

The  main  conductors  over  the  running 
tracks  are  paralleled  throughout  their  entire 
length  from  Stamford  to  Woodlawn  by  two 
feeder    wlrtn«.      These    f«*eder»   constitute    aux- 
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llUilva  Iti  lit*  iimln  track  ouiiduciorB  and  nre 
v«i»(tnio<l  wllh  U)«  latter  Bt  Biirli  anchor 
hi><ttfa  thrtiuih  ntrvi|l>'t>riMvk«r«,  The  office 
i>r  tito  akixltUrr  r«Ml«ra  l*  Id  iirovlda  mcitns 
i\>i  fKottliDi  aniunil  Hny  ono  ncllou  lu  caas  It 
U  (-Ml  ttitl  n[  Miirvli:<o  itn  Krviiunt  of  aomv  kcd- 

''     '     '  '   i<Iiie9il  ftt  a  nx«d  dlntAiii^ 

On  viirm  suldo  vo\*»  nr« 

:  i.h    iHillHtvor    wlruB  are  at- 

.1  (i>  ihti  cktcHary  •imidi. 

!:.,>  iMoi.d  Ai>tHs>ir«itc«  nr  ihp  standard  4- 

t(«i-4  tui«(w*dlai«  1»Mk»  !•  Bhuwn  In  iho  li- 

Ui>tr<tliv«      ll  nuutaU  \\t  two  «np|«irHii)i  »ld« 


Anchor  Bridges. — Andior  bridges  of  espe- 
cially heavy  coastructlon  are  placed  every 
two  miles,  and  against  tbeae  bridges  the  cat- 
enary cables  are  anchored.  An  Illustration 
rctiresenls  a  transverse  view  ot  a  standard 
4-track  anchor  bridge  with  the  auxiliary  ap- 
paratus  niounted  upon  it.  Signale  are  also 
mounted  upon  (be  bridge.  The  4-tntck 
nnrhor  bridge  consists  of  two  A-ahAped  posts 
having  a  spread  at  the  base  of  la  feet  and  a 
width  at  right  anglee  to  the  Iracic  of  about  2 

fMt, 

Catenarr  Cables.— Bach  of  the  two  catenary 
rab>e«  whtck  support  the  copper  trolley  con- 
durtnr  romprlEes  an  eitra  high  strpngth  steel 


hA««M   ttii^  va 
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^^P>Tb«  eeBttraetlon  of  the  clamp  and  the  col- 
^Hte  I*  •■(&  that  In  caw  at  tho  brenkHge  at 
tk*  tauMmigur  r«bl«  od  nno  aide  of  tti«  in- 
MilWor.  Mm  pull  of  the  cable  on  (h«  other  aide 
will  cMUM  lb*  damti  to  awing  downwards. 
itercbr  lowerlDK  the  point  of  application  of 
lk«  ^11  of  Ike  cable,  so  that  tbn  iiotrelaln 
la  p«t  !■  nmpnMiloB  and  there  ta  no  ten- 
4aacr  io  afavar  off  the  lop  of  lh»  pan-elaln. 
■•  la  aananr  (»•  <«*e  with  porrelaln  line  In- 
HlatonL  Bach  porcelain  atanda  a  shop  teat 
«r  &&.••«  volt*  awMnbled. 

Strain  Inaalatora, — The  Inaulatora  which 
■r*  Head  for  dnad-endlaK  the  caienary  cable* 
ti  th*  anchor  brldKC*  are  d««lsned  to  aland 
■  abop  tsal  ot  ii.OOQ  rolta  and  a  working 
tiMd  n(  3C.000  poonda.  One  of  these  Ininla- 
lon  la  proTldad  la  eacrh  catenary  table  at  eanli 
aaalior  bridg*.  thorebr  dividing  thn  rnnd  inio 
aavaraUt  aactlona  between  the  anchor  bridges. 
n*  gvT'Pola  atraJn  Inaulalor  U  aomowhat 
■ImOar  Id  appearance  to  the  well-known 
'  wmpt  that  It  la 


RTFOni>  R    1 


and  la  dealgned  to  stand  u  ti^t  ot  5u.0ttn  volta 
and  a  mechanical  pull  of  iS.uou  pounda. 

Inaulatlng  Separator!. — In  order  to  enabia 
any  one  track  to  be  electrically  diaconnacled 
from  any  other  parallel  track  when  the  clrcult- 
breakera  on  the  anchor  bridea  are  open.  In- 
aulatlng aeparatora  are  prorlded  In  the  pull- 
over wlrea  between  the  tracks.  Tbey  ranslsU 
ot  long  roda  o(  aelected  hickory,  thoron^ly 
tmpraicnated  and  Otted  at  the  ends  with  mall*- 
able  Iron  heada  aecured  to  the  conlcslly 
shaped  hoada  of  the  roda  by  moana  ot  bolta. 
Theee  Insulators  have  an  ultimate  tenall* 
strength  ot  about   16.000  pounda. 

At  no  point  In  the  entire  construction  I* 
wood  relied  npon  for  Insulation  to  grouBd. 
and  It  will  be  noted  that  ihoaa  wooden  aep- 
aratora normally  have  no  dlSerenee  ot  poUMt- 
llal  upon  them.  Thor  are  merely  prorlded  IB 
caae  ot  accident,  when  It  Is  neceaaarr  to  lao- 
lale  one  aertloa  of  track  from  another. 

Trolley  Hangers. — The  trolley  wire  la  tap- 
port«d  every  10  feet  tron  tiM  cateaarr  cabtaa 
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by  means  of  triangular  trolle}'  hangers  of 
varying  lengths.  These  hangers  are  so  ad- 
justed in  length  that  the  trolley  wire  is  main- 
tained in  a  horizontal  position,  it  being  6 
Inches  below  the  catenary-  cables  at  the  middle 
point  of  the  span. 

Trolley  Section-Break  Insulators. — At  each 
anchor  bridge  It  is  necessary  to  provide  an 
insulator  and  a  trolley  wire.  This  is  accom- 
plished by  means  of  two  bronze  end  castings, 
to  which  the  ends  of  the  trolley  wire  are 
bolted.  Two  parallel  sections  of  impregnated 
hardwood  are  fastened  to  these  castings,  and 
to  these  wooden  strips  are  fastened  renew- 
able pieces  of  trolley  wire  in  such  a  manner 
that  the  ends  of  these  renewable  pieces  over- 
lap one  another.  By  this  means  it  is  possible 
for  the  sliding  contact  on  the  locomotive  to 
pass  from  one  section  to  the  next  without 
opening  the  circuit,  thus  avoiding  all  flashing. 

A  diverging  trolley  wire  is  connected  to  the 
main  wire  by  means  of  a  frog  of  standard 
design,  and  in  order  to  prevent  the  contact 
shoes  on  the  locomotive  from  catching,  de- 
flector wires  are  placed  in  the  angles  between 
the  two  trolley  wires. 

Automatic  Circuit-Breakers. — The  type  of 
circuit-breaker  which  has  been  developed  for 
this  installation  consists  of  a  cast-iron  frame- 
work adapted  to  be  bolted  to  channel  irons 
resting  upf>n  the  upper  chords  of  the  anchor 
brid gf;H.  This  framework  carries  an  iron  box 
provided  with  a  hinged  cover.  Arrangements 
are  provided  so  that  if  the  cover  is  opened 
the  clrcnlt-break^jr  will  be  automatically 
tripped  so  as  to  prevent  any  possibility  of  the 
attendant  taking  hold  of  live  parts. 

The  clrcuit-brf?aker  is  of  the  well-known 
Westinghouse  design  and  is  capable  of  hand- 
ling 11,000  volts  on  heavy  short-circuit.  The 
switch  is  also  arranged  to  open  automatically 
on  overload. 

The  control  wires  for  the  closing  magnets 
and  the  tripping  coils  are  rarried  in  iron  con- 
duit and  lead-covered  <rabk-  to  the  adjoining 
signal  tower,  where  a  switchboard  panel  is 
provided. 

Track. — Both  railH  of  all  tracks  are  bonded 
by  means  of  Xo.  0000  compressed  terminal 
flexible  bonds  placed  around  the  fish   plates. 

POWER  HOUSE. 

I'ower  House  Building. — Th'3  power  house 
is  loraf.ed  adjacent  to  the  main  line  of  the 
railroad  and  on  the  bank  of  the  Mianus  river, 

m 

about  one  mile  from  Long  island  sound.  Coal 
can  be  de!I\ered  either  by   water  or  rail,  and 


an  unlimited  amount  of  salt  water  is  avail- 
able  for  condensing  purposes. 

Turbo-Generators. — The  initial  generating 
equipment  of  the  power  house  consists  of  three 
multiple-expansion  parallel  flow  Parsons 
steam  turbines  direct  connected  to  single- 
phase  Westinghouse  generators.  Provision  has 
been  made  for  the  installation  of  a  fourth  unit 
of  corresponding  size.  The  turbines  are  rated 
at  4,500  brake  horsepower  each  and  the  gen- 
erators at  3,000  kilowatts  each,  at  SO^^c  power 
factor.  The  generators  are  wound  for  three- 
phase  current,  but  arranged  for  the  delivery 
of  both  three-phase  and  single-phase  current. 

The  excitation  of  the  generator  flelds^  is  pro- 
vided for  by  two  125-kilowatt  direct-current 
generators,  direct  connected  to  Westinghouse 
engines;  and  one  motor-driven  exciter. 

A  separate  condensing  outfit  is  provided  for 
each  turbine,  consisting  of  an  Alberger  three- 
phase  counter-current  surface  condenser,  a 
two-stage  dry  air  pump,  a  centrifugal  circulat- 
ing pump  direct  connected  to  a  Westinghouse 
engine,  and  a  Monitor  hot- well  pump,  the 
speed  of  which  is  automatically  controlled  by 
a  float. 

To  prevent  the  rapid  deterioration  of  the 
brass  condenser  tubes  by  the  galvanic  action 
which  usually  occurs  where  salt  water  is  em- 
ployed for  condensing  purposes,  a  motor  gen- 
erator set  has  been  installed  and  provided  with 
suitable  controlling  apparatus  for  maintaining 
in  each  condenser  a  counter  electromotive 
force  slightly  in  excess  of  the  electromotive 
force  due  to  the  galvanic  action  and  the  stray 
currents.- 

Boilers. — The  initial  installation  consists  of 
twelve  52o-horsepower  Babcock  &  Wilcox 
water-tube  boilers,  set  in  batteries  of  two 
boilers  each.  Provision  is  made  for  four  ad- 
ditional boilers  to  take  care  of  the  fourth 
turbo-generator  unit  when  it  is  installed.  These 
boilers  are  equipped  with  Roney  mechanical 
stoker.s  aud  Babcock  &  Wilcox  superheaters 
and  deliver  steam  at  200  pounds  gauge 
pressure  and   123  degrees  superheat. 

A  novel  feature  of  the  boiler  settings  is  the 
installation  of  an  external  steel  casing  entirely 
inclo^in.£J  Th»^  brirk  work,  thus  rendering  the 
sc-trinii  impervious  to  air  leaks. 

Thrift-  Grocu  tut!  *^»conomizers  are  provided, 
each  iiiclosod  by  means  of  metal  sectional 
covt-rini?  insulated  with  prepared  asbestos 
blocks. 

Coal-Handlinc:  Installation. — All  coal  re- 
ceived hv  water  is  unloaded  from  the  barges 
by  a  steel  derrick  opera tinv:  a  clam  shell  bucket 
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iiXitl  il*'livercd  media ntcally  liiro  two  flight 
(-oD\*-ynr9.  oxtondiiiK  the  leiif^tli  of  the  boiler 
noni.  whirh  dlwharK**  the  coal  into  sponta 
iv'jdini:  in  the  stoker  hoppers  of  the  boilorK. 

Coal  rt»ielv#»d  by  rail  is  dumped  from  the 
(  nr  dirf4il>  into  a  rhute  blading  to  a  storaf^e 
bin 

The  :*sb»*s  ar**  dlsposeii  of  !»y  gravity  Into 
<  hMt*'*>  leadiim  to  narrow-guni;**  cars  in  the 
baM*nu*nt. 

Kl-ErrUIC   LOCOMOTIVES. 

The  average  train  load  on  the  New  Haven 
road  is  ::iu  tons,  and  the  locomotiveH  have 
l-«^D  built  acrordiug  to  Kpe<*ifieation8  requiring 
that  each  locomotive  shall  be  able  to  haul  a 
r«'*M-ton  train  at  a  spt^ed  of  ri.'i  to  70  miles  per 
hour,  and  a  2uO-ton  train  at  t;o  miles  |>er  hour. 
Heavier  trains  up  to  tiOO  tons — will  be 
hauled  by  two  or  three  lo<-omotives  in  multiple 
and  operated  as  a  single  unit. 

The  loromotive  l>ody  is  carried  on  two  four- 
vh«N*l  trucks,  each  wheel  of  which  is  a  driver. 

Thf  current  is  collected  from  the  overliead 
ctiDductor   by   means   of   two   pantagraph   bow 


frames,  the  upward  pressun*  against  the  wires 
being  supplied  by  springs  in  the  bane  of  the 
pantagraph  frame,  which  is  made  of  steel 
tubing.  The  collector  bow  Is  a  broad  strip  of 
soft  copiier.  For  use  on  lh«»  New  York  Central 
tracks  the  locomotiv«*s  are  provided  with  a 
pantagraph  trolloy  for  use  cm  direct-current 
overhead  conductors,  and  jiIko  third  rail  con- 
tact shoes,  for  use  on  eithtT  tnerrunning  or 
underrunning   rails. 

Some  of  the  gt'ncral  dlm**nsioiis  and  details 
of  these  locomotives  are  as  follows: 

Total  length  over  buffer  platform.  .  LMJ  ft.  4  ins. 

Extreme  width 9  ft.  7  "-^  ins. 

Height   to  top  of  cab 12  ft.   2   ins. 

Driving  whet^ls.  diameter  of G2  Ins. 

Trucks,  c  to  c 14  ft.  6  ins. 

Wheel-base,   one   truck 8   ft. 

Wheel-base,  total 22  ft.  6  Ins, 

Total   weight    on  drivers 93  tons 

Motors 4    Westlnghouse.    each    2&0    HP. 

HP.    of    locomotives 1,000 

Draw-bar  pull r>.oou  lbs.  at  (>:•  ml.  per  br. 

(maximum    20.000  lbs.) 


THE  TREND  OF  STORAGE  BATTERY 

DEVELOPMENT 


By  L.  H.  FLANDERS 


FIIOM    "Tllfi    ELECTRIC    JOL'KNAL." 


In  considering  the  development  of  storage 
liaiterles.  two  questions  naturally  arise:  Why 
are  lead  plates  with  sulphuric  acid  the  pre- 
tailtnc  types  of  battery?  Why  does  not  de- 
Telopment  manifest  itself  along  new  lines  us- 
ing metals  of  higher  capacity  per  unit  of 
weight  than  lead?  Experience  and  the  pres- 
ent Stat  as  of  electro-chemistry  Indicate  that 
there  Is  very  little  probability  of  securing  suc- 
c<«sful  storage  batteries  unless  the  following 
condltlona  be  met: 

First — That  the  metals  and  their  salts 
which  compose  the  plates  be  insoluble  in  the 
<-;cctrolyte. 

Second — That  when  the  plates  are  com- 
pl«-telr  charged  no  decomposition  of  the  elec- 
trolyte takes  place  with  the  exception  of  the 
breaking  up  of  the  water  Into  hydrogen  and 
osygrn. 


it  is  true  that  other  metals  have  been  tried 
which  dissolve  on  discharge  and  are  redepos- 
ited  on  charge,  but  such  plates  have  never 
been  successful  on  account  of  the  difDculty  of 
controlling  the  metallic  deposit.  These  two 
principles  immediately  narrow  the  choice  of 
electrolyte  to  caustic  potash  or  soda,  and  sul- 
phuric acid.  The  first  two  have  the  disad* 
vantage  that  they  carbonate  on  exposure  to 
the  air.  Furthermore,  the  alkaline  electro- 
lyte is  only  usable  with  cells  of  the  so-called 
"oxygen  lift"  type  such  as  the  Edison  lottery. 
Thiri  type  of  cell  has  not  reached  commercial 
importance  and,  on  account  of  the  high  cost 
of  materials,  the  relatively  low  efficiency  and 
the  meihanical  difficulties  encountered  In  its 
manufacture,  will  probably  have  a  very  lim- 
ited application,  principally  to  ehn-tric  vehicle 
propulsion. 


Jxv> 


T  i:CI  1 N ICAL    LITERATURE 


I2.  zy^i.AZ'd  U«  I  he  p2aios.  lead  is  iho  ouly 
A>A..jkM«  ^t'A\  \kh:ih  is  insoluble  in  sulphuric 
As:,JL.  i:i.l  '.i::*.  vv.\r-«^^  *  i"ii  the  fact  ihai  lead 
ise.-v.v.JLe  iiii  ItJkJ  s'.i:v*hA;e  an?  aiso  lusoluMe, 
a; v.* -.■«•.*  :.•:  '.i'.f  i;x'Ut^r;*i  use  of  The  >ad-sul- 
y^  . : . .-  A  .■ .  i  : ..  \'k   o:   > ;  **:  a  #e  i*d :  :er y .     A  :'.o: he r 

•.  -,  I  V      '■,     .     .•  .■  ■  ■  J  ^       J    •  •       V  ^■■-  ■    •    .-       •»-.»•>■«'  ^     »•' 

'14    *    -  ■■•-        »       ■       •  i--'         "^4.     ■-*•      -"*       i     ■•         '    *        "■-V"        '  "^  ?* 

-t-_-     ,       •  •■_..;    ^  *■■_■■■    .    <■■•.•   ■■■■->    ■■-  -•' 

\'7..i2.   .-i  ...  V  --.«.  :  .  i.  .1.'.,*  ■    *  : .  ;    '^..Ir  ', : -: 

ii'.j  T   -  Ti    i>.'         .'i.il..         ■         .K 

:>.  ."i  .  ■•."»       i»^        ;    ■;-■..  ;'l.  .   , 

.li  ja  .  ..•  ."I:  ..'.  ".  «•■;■*,  I  -  >  ":  ."  "^v"-  .■  .' "-  .■ '«'^*: *i 
■•;       5*1-:  ;1       ,'i.  V.   ■  .:       .'.  ,'J.  k_     -a.       .    .J.  .  .-^      '..".""       >'i- 

'."-I'lii..  ■  ?'r  •  ■.*:  ■>..!!  i  ,V  ..  .■  ■-■-..  "*'^  '..  ->.  '•:' 
'litX  l*z  -  1  I  .  2  r  .1".  .  .  t  .  ?  .1  j.-  "  .•'  .  -  i  .«:"  .-■:  .  -.  i  . 
Tj.il  Ti  .  ;.«i«  "i-.*;       .V        ,T;      r»A -.■?-■   ■       *  r*;       x       .'.     .i 

Jj  ft  j4.  '.  '!    >     I  .   *  -  1        .  Vi     -»-,        **  '-  .'  .'      *  -      .-      .  -■- 

.;j    ^.  I  -.-5'         ...  1  ,'         -•-..>  ....       '    .  .       .  "!  .        ..  I     .     ;- 

*iii.i'.».       :.\..K  .•■>'.        '.  -        -I  .».  I  ;  .*.       ..  I    .       i  ;■. 

<f  M,  ,1  i  ■*  I       '.  ..  \  .■-«..  ")    \  •      'iry  -'*-' 

U  "Vk-:      1       .*:.  1  '.'.  .1      I  .«•.      .■         ■  .        ■  .       I .  «i     .       .■ .  .'        .  •    • 


•  "  .» 


■*  Tir*  ^  '*■        *"*«:v- 


I 


.-1         .     *l       . 


.\XJ%X'.:'  ,■  .t  .'*»       ■- «  '•  >.  '-■  ■'  ■''>■-■    ■  •• 

>  ;'.!  !-.  ..       ..  -.5. .-..>..:.  ? 

".  ^^  "il    )l.  »  .     .,  A.  ,  1  ■»".  -   .  .     .  1       .  1     ■      V  .  .  ^      .     !       . 

•..  li        !•:      .  I   !■;  I       lii  i' ;.  "•-      .   -        -^         ...^     n  .  v  ■ 

1. 1  *•.  .^V       >        .*.        I.     •  '  -         .'.0         ■...'.    ^ 


1  ■::.         ^  ,   ■    .  '-         : 

llll  .  '  L        .■.!*■      •'    *.  .      -.     '. 

-;  ■  -11  :■       ■     ■ 

•  I  ■     • 

«■'■•■> 

■  *  .     -        s 


.*    '.   l"  .?■'  "•■    N 


TLtjuu      ^' :       "•••..-.. 


I 


»       ". « 


»■•    .  ■  '  ■ » 


■.  'S 


the  dUiharge  of  a  charged  ceil  the  elements 
consist  of  positive  and  negative  plates  in  a 
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tive niaTeria:  is  peroxide  of  lead  which  sur- 
rounds a  supr-oruz-s  ^.or^ducior.  The  negative 
f'.tii.r:::  ^.vLsis:*  of  s'l'oney  lead  Suipported 
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of  the  pure  lead  pellets  is  restrained.  In  some 
pUtefl.  the  active  portions,  in  the  form  of  bis- 
cuits two  to  three  inches  square,  are  attached 
to  one  side  of  the  lead  antimony  frame,  with 
opt'n  hpac«?s  between  the  biscuits  and  the  other 
three  bides  of  the  frame  to  allow  for  their 
srovih.  In  one  type  of  jilute  the  biscuits  are 
attached  at  (he  two  oppohite  sides  of  the  anti- 
mony f  raui»'  and  are  left  free  to  expand  at  their 
ends.  A  ^roiived  lead  plate  with  a  Plants  for- 
mation «-lll  grow  in  length,  (hat  is,  in  the  di- 
r*iciou  of  the  kfckivcs  rather  than  transversely. 
A>iiie  from  the  disadvanlagc  of  buckling  or 
«arplng.  which  is  liable  to  produce  short-clr- 
c-jits  bf(«tL*en  the  adjacent  plates,  the  integntl 
pure  Itrad  plate  possi>sses  decided  advantages 
c«\trr  the  composite  type  of  Plants  plate.  The 
futiliiy  of  atti'Uipiing  to  prevent  the  growth  of 
the  active  portions  of  the  plate  has  lieen  rer- 
ognized  and.  therefore,  provision  has  been 
made  for  this  growth  so  that  it  will  take  place 
within  the  confines  of  the  plate  itself.  The 
tuikling  effect  is  thus  confined  to  the  individ- 
ual teitlon  and  does  not  develop  in  the  plate  as 
a  whole.  Such  a  plate  Is  of  one  piece  of  pure 
lead  without  Joint  or  weld  and,  as  a  conse- 
quence, has  a  Tery  low  internal  resistance,  it 
U  M>  constructed  that  all  over  the  plate,  the 
rurronl  and  the  electrolyte  are  equally  ac- 
ceshible  to  the  active  material.  It  should  be 
fttated  that  the  plate  is  divided  into  thirty- 
six  active  portions  consisting  of  lonRitudin:iI 
laminations,  surrounding  the  surface  of  which 
Is  a  thin  layer  of  peroxide  of  lead.  Between 
these  biscuits  and  connecting  them,  is  a  t-orru- 
xaied  sheet.  As  the  plate  grows,  the  sections 
extend  in  length,  thus  closing  up  the  corru- 
gated expansion  Joints,  but  talflng  up  the 
growth   within  the  plate  itself. 

Negative  Plates.  The  pasted  tyin*  of  nega- 
tl«e  plate  is  largely  used,  but  possesses  the  dU- 
advantage  of  requiring  careful  handling.  On 
th«.-  iiiher  hand,  the  ordinary  form  of  Plants 
negative  Is  fxc^eedingly  durable  and  will  ^tand 
al!  horts  uf  abuse  without  mechanical  disln- 
tL-gratlon.  It  will  not.  however,  maintain  its 
rapacity,  which  drops  in  a  few  hundred  dis- 
charges to  from  oM  to  27*',  of  its  initial  value. 
The  caparity  may  be  temporarily  restored  by 
rharging  the  negative  to  positiv<*  and  back 
again  to  negative,  or  completely  reversing  it. 
This  loss  of  capacity  tends  to  prevent  the  adop- 
rton  of  this  form  of  Plants  negative  plate.  This 
loHS  may  he  explained  by  the  shrinkage  of  the 
negative  material  caused  by  the  cohesion  of  the 
pure  lead  walls  of  the  spong>'  lead  mass  con- 
stltDtlng  the  active  material.  This  will  be  ai>- 


pieciated  when  It  is  explained  that  the  uegativ*> 
active  material,  when  fully  charged,  is  lead 
of  the  utmost  purity  and  that  any  oxidization 
is  prevented  by  the  baih  of  nascent  hydrogen 
given  off  when  the  plate  is  chargeil,  and  that 
elean  surfaces  of  lead  may  be  united  by  simple 
pressure.  Due  to  the  contraction  and  expan- 
sion of  charging  and  discharging,  the  thin 
walls  of  MoMie  of  xhv  port's  throughout  the  ac- 
tive mass  c-oilapM-  and  hi  irk  together,  thus  re- 
ducing thi*  porosity  and  ron>>e(iuently  the  ca- 
pacity of  the  plate. 

In  a  Plants  negative  plate  lately  develoiM-d 
ini>i-t  material  has  been  Introduced  Into  the 
pores  of  the  spongy  mass,  which  has  evidently 
pievt>nted  the  collapsing  and  sticking  together 
of  the  walls  of  the  petrous  niatorlal.  since  the 
plates  have  a  sustained  capacity  for  an  ap- 
parently indefinite  time.  Sinrt>  there  is  no 
cf»rrosion  and  disintegration  in  the  Plantd  neg- 
ative plates,  thr  lead  condu<-tors  and  supp<irts 
are  made  lighter  than  in  the  positive  plates 
and  no  provision  i^  mad»*  for  <'Xi>anslou. 

KLEt'TUOLYTK. 
There   is    little   jirfibabllity    of    any   develop- 
ment   being    made    in    tlu*    cletirolyto    tiejond 
increasing  and  maintaining  us  purity. 

CONT  A  l.NE  US. 

The  most  durable  form  of  containers  for 
stationary  batteries  are  glass  Jars  and  tanks, 
but  these  are  limited  in  size  and  are  also  liable 
to  breakage  during  installation  when  of  large 
si7.e.  I^ad  lined  wooden  tanks  are  used  for 
elements  that  are  too  large  for  mounting  In 
glass  Jars.  These  are  v^ry  satisfactory,  pro- 
vided the  wooiien  parts  of  the  tank  are  kept 
clean  and  frequently  painted.  Efforts  are  be- 
ing made  to  manufacture  glazed  earthenware 
tanks.  If  successful,  these  will  prove  abso- 
lutely permanent  and.  while  their  first  cost  will 
probably  be  somewhat  higher  than  lead  lined 
wooden  tanks,  the  reduced  maintenance  charge 
will  more  than  com|iensate  for  this  increase. 

.MATEItlALS    FOK    INSTAI-LATIOX. 

Too  muih  care  lannot  Im*  taken  in  seeing 
that  the  batteries  are  properly  Installed  as 
proper  insrallaiion  is  a  large  factor  in  reduc- 
ing the  maintenance  exiH'use.  The  plates 
should  tie  adequately  separated  from  each 
other.  A  n«*w  form  of  plate  support  is  grooved 
glass,  the  edges  of  the  battery  plates  l>eing 
held  in  vertical  grooves  in  thes«>  glass  plates. 
In  this  way  the  plates  are  kept  uniformly 
spaced  and  short-circuits  around  the  plates  are 
prevented. 
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Great  care  should  be  taken  to  secure  proper 
iBsalation  of  the  battery  cells  from  each  other 
and  from  the  ground.  The  heating  and  ven- 
tilating of  the  battery  room  is  also  of  great 
importance.  The  available  normal  capacity  of 
the  battery,  at  the  eight-hour  rate  of  dis- 
cbarge, is  reduced  0.56  .  for  each  degree 
Fahrenheit  drop  in  the  temperature  below  the 
normal  1\)\ 

When  the  surface  of  the  tanks  becomes 
coated  with  a  film  of  sulphuric  acid,  this  sur- 
face never  dries,  and  the  film  must  be  removed 
by  neutralizing  with  caustic  soda.  This  action 
is  explained  by  the  fact  that  sulphuric  acid, 
beyond  a  certain  density,  is  hygroscopic  and 
therefore  will  absorb  water  from  the  air.  By 
using  the  exhaust  system  of  ventilation,  the 
sulphuric  acid  spray  given  off  by  gassing,  may 
be  withdrawn  so  that  it  will  not  precipitate, 
while  if  a  blower  is  used,  eddies  of  air  will 
deposit  the  spray  in  a  thin  film  over  everything 
in  the  room. 

AUXILIARY    ELECTRICAL   APPARATUS. 

In  order  to  secure  the  maximum  value  from 
a  storage  battery  installation,  the  electrical 
aaxiliary  apparatus  in  the  way  of  boosters, 
switchboards,  etc..  must  be  of  ample  capacity. 
Attempts  to  overwork  the  auxiliary  equipment 
on  over-load  is  "penny  wise  and  pound  fool- 
ish," as  this  part  of  the  equipment,  while  it 
approximates  only  from  10  to  25^  of  the  total 
cost  of  the  installation,  is  absolutely  essential 
to  its  successful  operation. 

CARE  AND  OPERATION. 

A  storage  battery  requires  periodic,  but  not 
excessive  care  to  secure  the  best  results.  Un- 
like engines,  generators  and  motors,  the  stor- 
age battery,  when  abused,  gives  no  audible  and 
seldom  any  visible  signs  that  it  Is  not  working 
properly,  but  continues  to  deliver  current  un- 
til it  may  be  severely  Injured. 

By  using  the  specific  gravity  method  of 
charging,  that  is.  charging  until  the  specific 
gravity  of  the  electrolyte  returns  to  the  orig- 
inal value  that  it  had  at  the  beginning  of  the 
discharge,  the  efficiency   and   life  of  a  ba:tery 


may  be  much  greater  than  when  methods  de- 
pending upon  the  voitage  only  are  used.  The 
specific  gravity  method  is  based  on  the  fact 
that  for  each  ampere-hour  discharge,  a  definite 
amount  of  sulphuric  acid  is  transferred  from 
the  electrolyte  to  the  plates  in  the  form  of  sul- 
phate. Conversely,  this  sulphate  is  returned 
to  the  solution  on  charging.  The  change  of 
specific  gravity  of  the  electrolyte  is  indepen- 
dent of  the  rate  of  discharge,  so  that  knowing 
the  change  in  specific  gravity  of  the  electrolyte 
for  a  normal  discharge  of  the  battery,  the 
energy  taken  out  at  a  varying  rate  of  discharge 
can  be  determined  at  any  time. 

The  persistent  u^e  of  the  auxiliary  cadmium 
electrode  to  determine  whether  trouble  is 
caused  by  the  positive  or  negative  plates 
should  be  encouraged.  The  use  of  distilled 
water  for  replenishing  the  loss  in  the  solution 
due  to  evaporation  and  care  in  preventing  im- 
purities from  getting  into  the  cells  should  be 
insisted   upon. 

The  storage  battery,  as  now  installed,  is  one 
of  the  most  reliable  pieces  of  apparatus  avail- 
able for  the  electrical  engineer.  The  life  of 
the  negative  plates  is  now  indeterminate.  The 
positive  plates  last  from  four  to  eight  years, 
depending  upon  the  service.  Storage  battery 
manufacturers  make  it  a  practice  to  enter  into 
maintenance  contracts  with  their  customers, 
guaranteeing  that  the  maintenance  cost  will  not 
exceed  7  to  lO'/c  of  the  cost  of  the  battery  for 
a  period  of  10  years.  Unlike  other  machinery, 
at  the  end  of  10  years,  the  installation  will 
have  the  advantage  of  the  latest  developments 
in  the  art  since,  in  renewing  the  plates,  the 
latest  types  can  De  used.  It  is  worthy  of  note 
that  several  millions  of  dollars  hare  been  in- 
vested in  storage  batteries  by  the  prominent 
illuminating  companies,  these  batteries  being 
used  simply  for  Insurance  against  shnt-down. 
They  are  only  discharged  when  there  is  some- 
thing wrong  with  the  regular  supply.  At  all 
other  times  they  are  kept  fully  charged  and 
Coating  on  the  system.  This  shows  the  re- 
liability and  val'ie  of  the  storage  battery  of 
the  present  day  iu  lar^e  power  plants. 


THE  FORGING  OF  ALLOY  STEELS 

By  E.  F.  LAKE 

(*()NI>knsf:i>  from  the  "American  machinist." 


ft  alloyed  vteels.  such  as  nickel,  chro- 
i.  vanadium,  sllicun.  tungsten,  and  ^ev- 
>ther  alloya  aa  well  as  different  combtna- 
of  these,  are  coming  into  more  general 
•rery  day  for  the  parts  of  high-grade 
Inery  vhlch  are  subjected  to  a  high  rate 
•r.  which  have  to  8upi>ort  a  great  weight 
hlch  are  subject  to  excessive  strains, 
«s  and  vibration. 
Qj  of  the  parts  for  which  these  alloyed 

are  used  are  too  intricate  in  form  to 
he  regular  rolling-mill  shapes,  and  the 
*d  steels  have  not,  as  yet,  been  cast  suc- 
illy.  except  in  a  few  instances. 
-  these  parts  which  cannot  be  produced 
the  rolling-mill  shapes,  or  made  in  cast- 
forglnc  is  resorted  to,  and  there  are  sev* 
Ufferent  ways  of  turning  out  these  forg- 

by  hand,  under  a  steam  hammer,  in  a 
nllc  press,  or  in  a  drop-forging  press. 
ten  small  pieces  and  but  few  of  a  kind 
vBted.  the  hand  forging  is  undoubtedly 
hoftpeat:  but  for  large  pieces,  or  where 
it  quantity  Is  wanted,  hand  forging  is 
soet  expensive  way  of  producing  them 
he  strength  is  not  apt  to  be  as  great  as 
7  of  the  other  methods.     With  a  black- 

■hop,  properly  equipped,  a  skilled  smith 
lake  forcings  that  are  stronger  than  a 

her  from  the  same  ingot.  To  do  this 
St  be  hammered  between  the  proper  tem- 
ires,  which  vary  with  different  alloys  of 

ickel-chrome  steel  must  be  kept  at  2200*" 
^Ich  is  a  bright  yellow  color,  all  through 
»rglng  operations,  while  some  of  the  car- 
Icels.  particularly  those  that  are  high  in 
a.  cannot  be  heated  to  a  temperature 
l^ou  F..  without  burning  the  metal:  and 
once  burned  it  cannot  be  returned  to 
onner  state  without  remelting.  The 
r  the  carbon  i*ontent  the  more  danger 
is  of  burning,  and  a  stoel  1C>  of  carbon 
ry  difSrult  to  forge  at  all  owing  to  the 
aely  low  temperature  at  which  It  must 
orked.      The   smith    must    also    regulate 


the  weight  and  effect  of  the  blows  so  that  it 
will  be  finished  Just  as  it  reaches  a  blue  heat. 
This  will  prevent  the  formation  of  large  crys- 
tals, give  the  piece  a  dense,  homogeneous  grain 
with  the  atoms  holding  together  by  a  high 
cohesive  force  and  result  in  the  steel  having 
an  increased  strength. 

In  many  of  the  more  intricate  shapes  that 
are  hand  forged,  a  resource  is  had  to  welding, 
and  if  the  average  smith  were  told  that  he 
'could  not  make  a  perfect  weld»  he  would  feel 
greatly  insulted.  But  from  a  large  number  of 
so-called  perfect  welds  that  were  examined 
very  few  showed  a  strength  equal  to  60%  of 
the  unwelded  section.  With  the  alloy  steels 
it  is  difficult  to  get  a  weld  that  will  even 
show  that  percentage,  as  nickel,  chromium, 
vanadium,  tungsten,  aluminum  and  some 
other  alloys  do  not  lend  themselves  to  the 
welding  process. 

Carbon,  however,  is  the  principal  enemy 
of  welds  and  with  this  as  low  as  0.15%  It 
must  be  handled  with  great  care  at  the  weld* 
ing  heat,  while  with  0.20%  of  carbon  the  steel 
is  very  unreliable  and  with  0.60%  of  carbon 
the  steel  is  liable  to  be  burnt  at  a  temperature 
well  below  the  welding  heat. 

Thus  to  make  hand  forgings  where  welds 
are  necessary  the  pieces  must  he  from  2  to 
3  times  the  size  of  that  necessary  for  the  re- 
quired strength  and  with  some  of  the  alloyed 
steel  even  this  will  not  suffice. 

Where  electric  or  acetylene  blowpipe  weld- 
ing is  resorted  to  these  bad  features  are  over- 
come to  a  great  extent  and  stronger  welds  are 
secured,  as  these  methods  melt  the  metal, 
allowing  it  to  run  together  and  then  solidify, 
thus  making  a  more  perfect  Joint. 

The  steel  which  is  the  best  adapted  for 
forging  under  the  hammer  has  about  the  fol- 
lowing composition:  Carbon,  0.13'"^:  silicon, 
it.'20'/f:  manganese.  0.52%;  phosphorus. 
O.U6rr:  sulphur.  O.OI^r. 

This  steel  In  the  annealed  state  will  show 
the  following  physical  characteristics:  Ten- 
sile strength,  55,000  lbs.  per  sq.  In.;   elastic 
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limits  30.000  lbs.  per  sq.  in.;  elongation  in  S 
Ins..  29'; ;  reduction  of  area.  60Sc. 

When  fractureil  it  will  show  a  silky  fiber. 

But  for  many  purposes  a  steel  of  much 
greater  strength  than  this  must  be  hand- 
forged  and  then  it  becomes  necessary  for  the 
smith  to  understand  the  nature  of  its  compo- 
nent parts  so  he  can  forge  it  successfully,  as 
ma&>'  of  the  high-grade  alloy  steels  can  be 
rendered  no  better  or  stronger  than  the  ordi- 
nary oarbou  steels  by  over  or  under  heating 
and  poor  workmanship. 

lu  man>*  cases  welds  are  absolutely  neces- 
sary CO  produce  the  required  shapes  and  a 
steel  of  the  following  composition  is  the  best 
suitable  for  welding:  Carbon.  O.OSO'v:  sili- 
con .  0 , *} 3 5'  t :  manganese .  0. 1 1 0"l :  phos- 
phorus.   0 . 0 1  i  \  :    sulphu r .    0,007  „ . 

In  the  annealed  state  ic  should  show  the 
following  physical  characteristics:  Tensile 
strength.  4S.0O0  lbs.  per  sq.  in.:  elastic  limit. 
25.000  lbs.  per  sq.  in.:  elongation  in  t  ins, 
27;.:  reduc:iou  of  area,  6^  >,. 

For  such  work,  however,  a  nickel  steel 
casclng  that  is  much  cheaper  than  for g lug. 
is  beiug  produced  by  one  touadry  that  shows 
the  fol-owiug  physical  characteristics:  Ten- 
sile strength.  7S.00'.*  :bs.  tvr  sq.  in.:  elastic 
amir:.  5'».*J0'J  lbs.  per  sq.  iu  .  eIouga::on  iu  2 
i:is.,  25'- C-:   reduction  of  area.   42*\. 

Direct  steel  castiugs  are  beiu^c  turued  ou: 
by  several  feuudries  thar  show  :he  following 
physical  characterisiics:  IV'^isiV  s:ren.s',h.  ?■.*.- 
000   lbs,  per  sq.   iu  :   e'.Jis'.k-  '-'.vjr..    .^j.OOO   !^s. 


per  sq.  in.;  elongation  in  2  ins.,  25<;^;  reduc- 
tion of  area^  40^. 

These  steel  castings  can  be  forged,  welded, 
bent  cold,  tempered,  and  in  fact  worked  about 
the  same  as  rolled  steel.  The  nickel-steel 
castings  can  also  be  case-hardened,  and  are 
successfully  used  in  place  of  forgings. 

For  pieces  of  considerable  size  and  bulk 
the  steam  hammer  is  substituted  for  the  hand- 
forging  process.  In  this  method  of  forging 
the  hammer  should  be  of  a  size  to  suit  the  size 
of  the  work.  The  hammerman  must  exercise 
a  good  deal  of  skill  and  judgment  as  to  the 
power  and  speed  of  the  blows  delivered  to 
the  piece,  as  a  too  powerful  blow  will  crush 
it  and  in  the  case  of  a  high  percentage  of 
nickel,  fissures  and  cracks  are  liable  to  de- 
velop which  it  will  be  difficult  to  get  out,  and 
which  may  show  in  the  finished  product. 

This  is  especially  true  if  the  piece  is  al- 
lowed to  fall  below  che  forging  temperature, 
or  if  the  blows  are  not  distributed  evenly.  If 
the  blows  are  from  a  light  triphammer,  de- 
livered at  high  speed,  only  the  surface  of  the 
mecal  will  be  bruised  and  the  core  not  af- 
fected, thiis  causing  the  core  to  be  coarse- 
grained without  the  proper  adhesion  to  in- 
sure the   necessary  strength. 

A  heavy  hammer  descending  on  the  work 
at  a  slow  speed  will  penetrate  the  mass  to  the 
ceu:er  and  allow  the  particles  of  metal  to 
:fow  t;o  their  proper  position  and  Insure  a  fine 
s:ra::i  of  even  texture  and  be  uniform  through- 
o::  irs  en::re  siae. 
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The  irsL  -ii'j'.v^:'.  a  •..:.  •  '•^-  .ivi-'^-u ^  «.»:i 
of  anv  r-jdl  :iLi:>  ^^^^^  '»**  ^'^  NoiLnin^ic  :!i 
lS05-d.      Nor'.:i:!:v.':e.    v^ix:ic    experlmouiiUii    to 


'■i:  -  '.--■    .:T '».  =  :*  ji   'jr^ssure  on  gas.  com- 

.'?».>•..•.     I  ■    -.■!  s   ,*:    .!i.oriae  gas  an.d  obtained 

*  •'    ^  1"     »     I  ..I     .      .'I  Mr    '.:iches   of   a   yellow 

'  '    ;         k      i    .■■;.-•  I  -i'.-       Ijis    work    was.    how- 

*  *   ■:    ::*.    iii'i   'A-as  little  known. 

>-■  ^    ;  I.  *        :j:i. -•:    ■  m*.   Famday  at  first 

■'      .' -       *  ^-       i  ■  iid    .ii^orine   in    1S23, 

■  •     ' .    *  -^  "^      .'  i .»  >o.     Faraday  In  fol- 

'"■•  •'.-     '.•     ^  >"»     ■     c.  !:i- iiLs     ja     liquefaction 

0...1..  ..».»      -.:    v.rt    ,».-..>    "ii'ii  uoc  be  liquefied 

■>».'^     I  - ..    .* :  ■.  ■.  o ...  -i     J ..   : » . '.  :^-.  i :  -y  ■  t  :iieir  tern  pera- 

'. ■..:..'  .».irt  AV-.'..'   \  ,vi'..i.:i  voiuc.     Certain  gases 

^ii.*..i   ..*:i:i.'i   '»c    '.'iitL:**.:  .it,  Atmospheric  lem- 
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pr  rat  lire.  mi»r»'  liqueAed  by  Faraday  by  placing 
th«'  trv\'  end  of  his  bent  tiibf  In  n  freezing 
uiixtiirt  and  rontinuInK  (be  same  proc'GSR  aa 
l.«"forv. 

Faraday  ^abh  unalili*  to  liquefy  oxygen,  nlt- 
rofe«*u.  rarbcin  monoxide,  or  hydrogen.  He 
»u?ices*ti*d  thiit  If  these  were  reduced  below  a 
certain  temi>erature  peculiar  to  each  that  they 
rould  be  liquefled.  Scientihts.  howe\er.  did 
not  realize  the  I  m  porta  nee  of  teini>erature  in 
liquefaction,  and  it  wa.s  not  until  Andrews,  of 
Belfajtt.  (H*rforiued  in  isB!^  a  w^ries  of  expert- 
Kientji.  mainly  on  carbon  dioxide,  which  com- 
pietej>  auliKtantiated  Faraday's  views,  that 
Dien  bepan  to  attempt  liquefaction  by  means 
of  low  tern  IN?  ra  lures.  .-Vndrews  in  his  maR- 
nifirent  M'ries:  nf  ex|NTinieiits  was  able  to  show 
that  rarbnn  dioxide  when  raised  to  a  suffl- 
riently  hi>:h  lemiK^rature  could  not  l>e  liquefied 
by  preM»ure.  obeyed  the  Ras  laws  very  closely, 
and  beha\ed  in  every  respect  lik«-  one  of  the 
•e-ralled  permanent  gases  i  oxygen,  hydrogen, 
e<r  I  However,  when  carbon  dioxide  was 
lowered  to  a  temperature  of  [M  Centigrade 
•  li*!-  Abs.,  ss  F.I  it  could  be  liquetled  by  72 
at  mo*.  prM»sure.  while,  as  we  have  already 
noted,  above  this  fem|)erature  it  could  not  be 
liquefied.  This  temperature  (31*  C.)  and 
pressure  (72  atmos.  i  he  called  the  critical 
temperature  and  pressure  of  carbon  dioxide. 
The  almost  inevitable  conclusion  was  that  air 
and  the  other  permanent  gases  were  simply 
far  above  their  critical  temperatures  and  could 
U-  liquefied  when,  and  only  when,  they  were 
reduced  to  it. 

lielov     are    some    critical    constants    which 

*Aie  since  bet»n  found  experimentally,  or  cal- 

' u-^'ed : 

rrltlial 
. Omii,**!  TtniiM-raturp  -  Pmiiure. 

*ri«.r    :m.>i:.1.  'M  (' ,        ks  k..  :*MAbii.  72.4  Atmot. 

H  » 1  r? «•  B  .  .      -  2:lh  <\  ,—,?•«'  F. .     .^'i  A b4 .   1  ."i  3 

\ivac-r.  — 14I»T  .  -23il  F..   Ili4  Abi».  27.« 

cnyi--     -IIW C.  — IS-J'F.,   l."VrAbs.  ,%«. 

A:r  — 14irC..  — U-JO'K.,   Ki;*  Ab-.  .TJ. 
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Since  Andrews'  time,  therefore,  the  problem 
has  been  to  lower  the  temperature,  or  as  the 
popular  expression  has  it,  produce  cold.  There 
are  three  well  recognized  methods  of  doing 
this:  namely,  (1)  by  the  rapid  solution  of  a 
solid,  I  2  I  by  the  rapid  evaporation  of  a  vola- 
tile liquid.  (31  by  the  rapid  expansion  of 
moled  and  compressed  gas.  Tp  to  1S2u  the 
frvt  metiiod— which  la  the  familiar  method 
of  ciliture.  such  as  ssilt  and  ice  water  mixture 
«hirh  is  used  to  freeze  ice  cream — was  used 
»!moft  entirely,  and  liy  this  method  a  tfin- 
pr  rat  are  of  — 50'  C.  had  been  attained.  The 
Mtfoad  method  is  common,  but  not  commonly 


recognized;  an  example  is  the  s«'nsation  of  rold 
produced  ^henc'V(*r  one's  skin  is  wei  wlih 
water.  The  cold  is  due  to  the  rapid  evapora- 
tion of  the  water.  As  for  the  t.iird  method.  11 
is  a  matter  of  comnion  knowle.lge  that  when 
a  gas  is  «'ompresse(l  ii  ber(»nies  hot.  therefore 
when  it  is  «*xpande.l  it  b«>conies  c<ild  This  holda 
true  for  any  method  of  «-xpansloti  for  any  gas, 
excepting  when  hydrogen  is  fXpandiMl  without 
doing   work. 

IMctet.  of  (leneva,  Switzerland,  and  Cailletet 
of  France  each  succeeded  in  liquefying  air  and 
oxygon  in  1S77.  IMctet's  work  was  the  result 
of  a  direct  and  sclent Iflt-  application  of  th«f 
principles  of  Faraday  and  Andrews.  I'ictet  en- 
deavored to  lower  the  temperature  and  at  the 
same  time  apply  an  enormous  pressure.  He 
employed  a  cast  iron  retort  In  which  was 
placed  a  certain  amount  of  ^loiarsium  chlorato. 
which,  when  heated,  gives  ofT  oxygen  gas.  Uy 
I- imply  heating  the  retort  the  tube  leading 
from  the  top  could  be  tilled  with  oxygen  at 
any  desired  pressure.  Hut  pressure  is  only 
one.  and  not  the  inip(»rtant  c«>ndliion  in  lique- 
faction. In  order  t<i  ct»ol  the  compressed  oxy- 
gen in  the  tube,  It  was  surrounded  by  a  con- 
denser Jacket,  containing  liquid  carbon  di- 
oxide. To  Increase  the  cold  a  compressor  con- 
stantly exhausted  the  carbon  dioxide  vapor 
from  the  condenper  jacket.  This  caused  the 
liquid  carbon  dioxide  to  evaporate,  rapidly  re- 
ducing the  temperature  to  -Un  C.  1-220' 
F. ).  The  carbon  dioxide  exhausted  from  the 
condenser  jacket  was  then  compressed  by  the 
compres«>or  and  was  force.l  out  into  a  pipe  sur- 
roundiMl  by  liquid  sulphurous  acid  e\aporating 
under  reduced  pressure  and  gi\ing  a  tempera- 
ture of  -2o'  C.  i"\:\  F.I.  The  carbon  di- 
oxide, however,  was  constantly  expanding  aa 
it  passed  through  the  pipe,  and  having  fallen 
in  pressure  to  5  atmospheres  and  in  tempera- 
ture to  — ti3  C.  <"Sr»  F.  1  it  was  liquefied 
and  forced  back  Into  the  condenser  Tl.e  sul- 
phurous add  went  through  a  like  c>c!«'.  the 
heat  of  compression  being  removed  by  cooling 
w:iti>r.  it  expanded,  was  liquefied,  and  passed 
bat  k  iuin  the  I'ondonser  jack**!  to  bo  exhausted, 
condensed,  ami  liquetioil  auaiu.  The  «ixygen. 
th«*n.  havinu  ha  I  its  heat  of  <oni|ir»'ssliin  n- 
inoxed  and  beini;  further  reduc«Ml  In  teuipera- 
ture  lo  -110  i\  i-L'JH  F).  was  allowed 
III  «'\pan(i  throui:li  a  no/./.|f  Its  temperature 
tlnii  fill  si»  far  l»«'li!\\  lt^  iiiilial  !i*uip»Talnre 
that  part  uf  it  liiiuflled  a(  aini(»spherlc 
pies.»*5ire  an<l   it    fi-M   lu  a  stream   iMi   th*-   floor. 

(."aillfii'I's  nieiho.l  ^as  tn  conipn-^s  oxvcen  im 
air  in  a  >iiia11  ghe^s  tubi>  tt»  the  pressure  of  'Joii 
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;«n\u\9i)^!\ortv»  by  m«^n«  of  a  hydraulic  press, 
tt^\i\\\^  H«  lomi^raturo  at  — 25''  C.  (— IS® 
r  ^  >>  mi\Au$  of  sulphurous  add  evaporating 
iiD^r:  r«s!u\>si  prt^ssurtv  Ho  ihou  released  the 
VTxvs>v.i'i*  fi\nu  I  he  pump  end  of  ihe  apparatus 
A*.i  :r,e  **\\jieu  btvame  st>  i\>ld  on  eximndin^; 
".o   V;*  v«r:<i\UAl   Xi^luwe   that    it   apiH^ared   as   a 

yVv  v.-.Aivv  >«\*rs  :iv^  one  stvniod  to  see  the 
: VL .  -jsv .  A V.  »v  oi  v^ * :  *.  1  o:  e 5  *  iv. o i  h od  of  pr iHi  \i i  i  n  s 
;^f  *-:;xx>s*jfc:>  vv'.d  t*Y  ex^Viiusiou  of  the  s^s  ;o 
Nc  .c.«^:S>Jl  ::*x»',t  Hovkever,  IVikar  of  Kn*:- 
-AXi  3»,vi'.  *v.»\>«vd*s!  ^v  fv.r:her  applicaiiou  of 
>v>i:.  V :,-,*•:  s  Av.d  Ojfciy.e'.ex  s  u^eth^sis  to  pro- 
ii:,v  s%'Ci>..iev*>  e  av-iov.:".',*  of  *.',^v.:d  **.r.  iu 
•.i^^  .^,**^i^  >.e  dr\v*,\>i  off  :he  fea'.ures  of 
\^i:  ^^. ^ ;  *  \x\t^T,  ^M  a  ud  \>k  f u  r :  h «'  r  ev,  e ns: o a 
iSfri  :v:7."\^x^iSieu;  oi"  I'i^-te^  *  vxv*:;'-:^:  oolt^?  was 
A^^?  v,*  V'r\viuc>^  AT*^  <v:a*-: :*.:'. OS  ol  ::>iuiJ  *:r, 
AViva,  5t::T\Nft^:5  e:o..  >u',  a:  '.>.e  ouor^ious 
^\>fi*^*  *•.:  3W^'.e  $>,'.'  V'^v  v::i',  oi  V,^.:u*.  IV'^ 
>iAr     As>^»^    ^^ixN-v^e^ieU     lu     o>'.aivl:*a*     a     s^'-ua'I 

Vn.-i'   ^isrv;   i'.v**:   ^'.-^v   -*Ji   '^-5'  ^^ue?As*',vj:  oi 

r  %^Anr;i-- .  * .  -.oi*    o:  ».v  \i        Vi ■  *  v.^  i- '.  >.  .x*  ".  >  .t  -:  ;•   ;  .* 

cwr ^ «■ :  A      M <'iS  W *:V.ft.    O*    \ 5^ *     \  .» •  <      '.  ; •-• ,? i"      Jl '^  I 

4.SV»  A'*  A'  :,'  A  VvVMi'.  .K-^f.W  X  -'..  :iX>i  .".-^f 
Ji-s-v  l..>i  X.  .i  X*  ji  .  .  >  i*"  >*i 'JL*  ;'  .  •  VJsV  '.'<.  •*  >:  'i'  V'^O 
*.V    .*» A." ;  CI .  V    x't^     ^S-tA,"*     . ■>.*    '■*■  V  J V :  X .  .1  \: >i  l'^ v    Jt A*. 

«>    ". -swxi     >*    A    sX.*iWV:vco*.V    x:    '.*\»y.'     '  .' /    VO    ^  :  .' 
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at  atmospheric  pressure.  A  portion  of  the  is- 
suing gas  is  then  constantly  liquefied  and  is 
collected  in  a  vessel  placed  beneath  the  nozzle 
for  that  purpose. 

In  the  above  system  no  cooling  beyond  that 
of  the  atmosphere  is  needed — except  in  the 
case  of  hydrogen — however,  the  efficiency  of 
the  system  is  very  much  increased  by  precool- 
in^.  The  process  being  therefore  almost  en- 
tirely mechanical  would  naturally  be  cheaper 
than  one  involving  the  expensive  cooling  cycles 
o!  Plc:e:  and  Dewar.  This  is  illustrated  by  the 
i.\<\  :ha:  Tripler.  using  his  self-intensive  or 
rx'P^nersTlve  proc<««.  claimed  to  be  able  to  sell 
*.:^u:d  a:r  a:  f  0  cec:s  per  gallon,  whereas  De- 
>kAr  e:s::=i:A:e^  :±:e  cost  of  liquid  air  at  $500 

TtK  *.v-i::;o->  c'  exp^&nsion  from  the  pln- 
iio'.e  vAive  ^;  :i:e  nodem  regenerative  coil 
\t*:>  *.:,>«■.>-  A77rcxina:e  iliai  of  expansion 
'»::io«:  ei'.cr:!!!  wcrk.  s-ch,  for  instance,  as 
AV.ov'.rL^  $-As  :j'  ^jLTiLzd  Isio  a  racaum  vesseL 
?^.s  m^ci.-*!  wxs  ir^i  sc^dled  by  Joule  and 
?i.*:rLA''r  :::  :>»>  T^ey  fo*nd  that  most  gases 
,vo  ^  ^.'i  tTTft:  ?x7Jui5:cc.  ^ydrogeu  alone  be- 
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temperatures, 
IT    ty     Ihe     formula, 
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A:-  A  jictKiarfrv  irc9  la  pressure,  and 

4.*a<-ii  f  '.foiT^fririTv.  Tieae  equations 

>iic%      3a:   :,*r   a:r  tie  cooling  effect 

.    -f      Jx*fr*s   ji  A   !tea;iOLg  effect) 

-    .  v*a^     :»'     ,'     !>*■  F. «.  while  for 

v^-. .:      *v  -:'    :>  J   J«*a::jx*  elivc  A^ve  194* 

•  .  ' '     ?      xid  X  cooling  ef- 

\.  ..•  ^     T .»      : .n .r*?.-a .  1  -*?.  A3;*i  sacb.  has  been 

*\      ^v     j:aa*        T^ifr-Ljre   5>j   cooling 

■  .,'■  •     .,  »  :  It    .:?£nT*»rAnr«  of  liquid 

'.  ■.    '.-c^:  ,;   -.     ar-.'iii^  A  re^eaeraUve 

\  .--,•:     ^a*    3i«a    cbcxined    in 

jae   of  c2ie  Ust 
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RECENT  ADVANCES  IN  ARTIFICIAL 

ILLUMINATION 


FLAMING  ARC.  METALUC  ARC.  MERCURY  VAPOR  AND  VACUUM  TUBE 

UGHTS 


roNPKNSEI)    FKOM     "KNr.INKKUINr,     NKWS 


IJfchc  From  Gnses  antt  Vapors. — Whenever 
a  y:as  or  a  viipor  is  iiiado  Iiiniinescont,  certain 
definlu*  wave  lengths  of  li^ht  arc  always 
KiTfn  ufT  and  a  definite  Hpectrum  1m  always 
oMAlni*<S  for  earh  gas  or  vapor.  When  the 
atoms  or  nioIociiIoK  of  a  Kas  or  vapor  aro 
cauf^'d.  I>>  t'liM'trli-ai  ni«»ans.  to  move  In  Huch 
a  manner  that  ]ii;ht  is  prodnrod.  heat  also  in 
produiod  as  a  result  of  the  elooiriral  conduc- 
tion: but  the  temp«*rature  is  not  related  to 
the  qualiiy  of  the  light 'except  in  the  cast'  of 
metallii-  vapors,  when  a  certain  tt>inpcraiuri' 
mar  h«  ntHvssary  for  the  e.\isten<e  of  the 
vapor  Id  quantity.  This  phenomena  is  the 
reverse  of  that  generally  observed  in  the  cas*** 
of  IniaDdesccnt  solids,  where  the  light  is  di- 
ffrt-tly  related,  both  In  color  and  amount,  ki 
the  temperature.  (Sases  and  vapors  may  l:e 
mad<f  lumlnant  by  electrical  stress  in  vacuum 
tubes  and  by  electric  arcs. 

Dirvct  and  Alternating  Current  Arcs. —  The 
•pe«  trum  of  an  arc  is  that  of  the  vapor  of  the 
neicative  electrode,  and  is  Independent  of  the 
material  of  the  i>osltlve  electrode,  except  as 
materials  held  therein  enter  the  arc  vapor 
at  a  rev u It  of  the  high  temperature  attained. 
An  are  U  essentially  a  direct-current  phe- 
nomena, and  except  under  definite  conditions 
cannot  exist  with  an  alternating  E.  M.  F. 
E%e&  when  so  existing,  the  alternating-cur- 
rent arc  Is  formed  by  a  succession  of  separate 
direct -current  arc  streams.  At  the  end  of 
earh  half  wave  length,  the  current  dies  away, 
and  with  It  dies  the  vapor  stream.  The  next 
half  wave  of  E.  M.  F.  having  a  reversed  di- 
rection necessitates  that  the  current,  and 
therefore  the  vapor  stream,  should  pass  in  the 
r^pverse  direction  from  that  of  the  first  half 
ware  length.  The  continuity  of  the  arc  to 
the  eye  Is  broken  If  the  supply  voltage  is  not 
hli^h  enouKh  to  cause  a  current  to  pass 
thronich  the -residual  vapor  between  the  elec- 
trodes. The  Toltage  required  to  Jump  a  spark 
acroaa  the  gap  between  terminals  decreases 
wttli    an   Increasing    temperature,    while   the 


Mim  **K«w  iDcaadMetBt  Lampa.*'  In  Technical  Lit* 


volt  ago  across  an  arc  liicr«'as«*s  with  thtf 
arc  temperature  and  therefore  with  the 
boiling  point  of  the  electrode  material. 
Now  with  electrodes  of  certain  materi- 
als the  voltage  across  an  arc  becomes  e;|ual 
and  even  higher  than  would  be  required  to 
jump  a  spark  }>eiw«*en  th«>  4>lertrod«'s  at  t.i«* 
temperature  of  the  residual  va|Mir.  Sueh  el(*c- 
trodes  allow  the  apparently  steady  mainten- 
ance of  an  ar«'  between  th«*m  with  alternating 
current.  The  arc  streams,  however,  are  sep- 
arated and  con(inualt\  reversing  with  a  fre- 
quency correspdudinu  to  that  oT  the  supply 
current.  The  stmhosmpir  «>rr«>i'is  ol  alti*rnat- 
ing  current  ar«'s  are  (he  result  o(  this  reversal 
of  va|M>r  streams.  Carbou  is  such  a  material 
as  above  de.scrilM*d,  and  the  de\elopm<*nt  uf 
an  alternating-current  lamp  from  ili«'  old  di- 
rer t -cur  rent  typi's  was  possible  without  much 
experimenting  and  l»efore  the  theoretical  ccm- 
siderations  for  the  maintenance  of  alternnt- 
ing-ing  current  arcs  were  thoroughly  under- 
stood  or  widely  appreciated. 

The  old  dlre<*t-current  lamp  was  first  ini- 
provtMl  by  enclosing  the  elei'trodes  In  a  moro 
or  less  air-tight  globe.  This  reduced  the  con- 
sumption of  carbon  electrodes  and  the  cost  of 
attendance,  but  at  the  ex|K*nse  of  etficiency  of 
actual  Illumination.  The  esthetic  effect  was 
materially  imjirov^d  by  the  diffusing  action  of 
the  enclosing  globe.  Where  once  it  was  pos- 
sible to  see  only  th«'  old  0|K*n  arc  its«df.  on 
acH-ount  of  its  gnsit  intrinsic  brilliancy,  with 
the  eiidosetl  arc  it  became  iK>s8iblc  to  dis- 
tinguish the  envlrt»nment. 

The  use  of  the  enclosed  arc  has  b«H*ome  so 
common  that  the  lamp  need  not  be  further 
considered  here.  Indeed,  there  is  promise 
that  it  will  be  superseded  by  a  newer  type  of 
arc-lamp  hereafter  described. 

I^uminous  Arcs.-  In  an  ordinary  arc  be- 
tween carbon  electrodes,  the  light  comes  from 
the  tip  of  the  incandescent  electrodes,  and 
comparatively  none  from  the  vapor  stream 
itself.  In  the  development  of  the  new  lamps 
It  was  attempted  to  increase  the  light-giving 
power  of  this   non-Iumlnous  rapor  by  Intro- 
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D>;  tomtf  »ub»tiince  not  carried  by  the 
aiiiu  carboQ  i^liH-trodod.  Thei'e  are  two 
f  i>t  dc>iug  this:  il)  by  uslns  in  a  direct- 
e'.ii  lump  ii(^i;aiive  flectrodci^  o(  a  material 
St-  vM|H>r  i;iv<.'«  a  hleibly-lumlnouii  spec- 
..  '^1  by  «n:|)ioyiiis  rlet'irodes  of  uiicb 
iv:.>r}  r.ijterittL«  a«  will  ijive  a  very  high 
:rt.;vrj;:iri'  aiiJ  i;ni*e  lo  be  fed  inio  the 
■■^■,vr.  '.'J  h,-;,!  efft'i-',*.  niaiertaiS  wbleh 
it  i.ir:;e>l  !-j  ;he  piv-iilve  elei-iroJe,  but 
,-,  „.f  ao:  M:t:if.»;>:e  lor  the  muierial  of 
:..■-!■*  i>;  ".he  lir?:  .l.is*.  thivjfili  iniTeaeiiig 
.•.^:.:-ti.\i~f.  ■,-ky»fT  of  thf  vaj-or.  Lamps 
(-.■-■.i;   c-:i   :ie   l.i:;er   Mhi-i-ie   hk   universally 


As  a  type  of  these  lamps  those  made  on 
the  Beck  German  patents  may  be  brteOy  de- 
scribed.  The  electrodes  of  these  lamps  carry 
a  rib  or  long  fln,  which  supports  the  carboL, 
rfstinc  od  a  metal  stop.  As  the  carboa  buros 
:iway  ilif  rib,  of  cour£e,  burns  also,  and  the 
elect  roJt  feeds  by  gravity.  The  arc  is  drawn 
by  a  phm^ier  dUk,  operated  by  a  merles  maK- 
net.  whtih  fones  the  electrode  holders  apLirt. 
ThU   ii>  fiiown   in   Fi.::.   1.      In  some  lamps  the 


whil. 


ai:eJ 


E-as:--' 


•i  :le^v^sary  for  vajvrti:-.;!:  :t:e  foreisn 
,tf*  wtiih  '.:  was  desired  '.o  ii;;rodi;k'e 
X  Jirv  vji;»or  W  ;ai-rea>e  ".he  lish;.  If 
-.  i.  va::.-*>u  '^vJiA-.Ut  auJ  a  v-ositue  o; 
;^;'Tir.SSi:ei  w.'.i  -t  wv»t::4t'.:::i):  ;t  cvre 
:■-'—    i-.;or;i^    or    ivrate.    '.te-A    ".k*    i-al- 

ar\-      ■.e;-.-.;v7i".-.i:e.     i-evoKiias     MS--ly 


1  alone  rests  aKSlon  a  stop, 
e  if  suspended  in  lu  gaXie 
i^r^aMtiDs  chain  atuched  to 
'.Hi-..  iU  the  tatter  bunu  away 
.'  t*  lowered.  In  some  forms. 
The  carboc  is  absent.  A  starl- 
<L>r  .1'.:  tadiictance-coil  in  the 
i-'.  ty^e^i.  is  Included  In  the 
.L  iejti  short  circuit  in  start- 
.i:^';.'^  z:.i$:;etic  blow-out  colli 
.■x-j:i:-I  iOr*s  repel  tfa«  arc 
:!:?-  ^:t^-:rodes  In  a  fan  or 
"■ise  :-.-r=:s  ;ie  mechanism  Is 
"-■^r  i-.-z-rt-t'.   ipr^iranc*  of  the 


Fig. 


-:f.-.r>.>de¥    for    all 
■j::'y   small   la   or- 


9  wiere  their 
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••  •.•••  c  p.     T1U>  rimlAa  a  power  oonaump- 
tloa  l(iir«  of  about  O.T  to  0.4  wktta  per  mean 

ll«talUr-Arc  Lam  pa. — The  d«v«)lopraenC  «in- 
ptofiaK  nacaUrc  elect  rodea  mad  a  rrom  mat»- 
rUla  ct^tns  a  brilliant  arc  vapor  «e«ma  to  be 


t.  TTi'irnp  flamik 
OOin'KRUKNT     KtBCTRODKS; 
WO    LAin>  CO- 


8RCK 


llmlitd    lo   ll«id    of   appllrallon    than 
'    Jh«    dCicribeU.      Tba    pOMl- 
MIRtw  ar«  ao  promlalni  that  It  would  nut  li« 
I  war*  tbo  prmuni  common  eacloAPit 
•,  to  a  grvat  meanura. 
^br   th«M     iBDupa   OD     acrnuni    of 
thw  «ndanc]r  and  »maller  main- 
A  dlrectlr  comparatlvn  and 
I  tif  trail  BhowlnK  lh«   relallTn 
and    •fflrteoitlH     ot   Iha     "motalllc." 
■Bi  "•adoMd*  trpea  or  arc  lampa  :a 


Dot  avallabia,  and  only  ratbar  Rvncral  cotn- 
partsanH  can  lie  made.  Metallic  arc  lampa 
giving  about  630  to  TOO  c.  p.  maximum  on 
31  u  watta  energy  aupply,  ba*e  b«n>n  uaed  to 
replace  endoaed  arc  atreet  area  of  400  to  600 
maxlmnm  c.  p.  on  4S0  watta.  witb  Improre- 
moat  In  tho  atreel   Illumination, 

Th«  manutacmrera  of  arc  lampa  claim  tbU 
Ibe  common  demund  la  for  etreet  lampa  giv- 
ing a  white  llgbL  Such  a  demand,  at  prea- 
ont,  Itmlu  tbe  use  of  autMtancea  available  aa 
negatlvD  electrodea  to  ttaOMe  whoae  vapor 
■pertrum  ta  tatrlr  well  dlatrlbutod  and  whoa* 
ligbl  la  neceasarlly  "wblle."  Tbeee  aubatancea 
ure  of  (lie  Iron  eronp — Iron,  titanium,  tung- 
sieu.  The  rang«  of  aubatancea  In  narrowed 
stltl  further  when  tbe  characterlBtlca  of  tbe 
fileclrode  are  considered:  |1)  K  must  be  a 
fair  conductor,  and  12)  It  mnat  be  long-Uved. 
Thcee  necessitate  tb9  uae  of  an  oxide  or  a 
cnrbldp.  Aa  tbeae  materlala.  after  vaporlaa- 
Tirn  rodepoait  «8  a  aoUd,  tbe  lamp  muat  ba 
H'-ti  as  an  "open"  arc,  with  apeclal  ven- 

[  h"  rt^aearcb  of  Dr.  C.  P.  Slelnmeta  ahowed 
ttiiii  maKnetlte  or  magnetic  iron  oxide  (reiO.) 
waa  the  most  convenient  and  available  baala 
Tor  an  eleclrode,  itiauKb  Its  llght-KlvlnK  qu&l- 
Itjr  waa  Interior.  Tlie  addition  of  a  certain 
nmoiint  of  titanium  oxide  glvea  great  brtl- 
tlaucy  and  efOclency  to  tbe  arc.  A  certain 
predetermined  amount  at  cbromlun)  oxide  la 
added,  which  baa  the  effect  of  roilrtctlng  un- 
due production  ot  titanium  vapor  and  conae- 
quently  promotes  a  longer  lite  of  tho  elec- 
irodea,  allhoush  at  a  alight  aacrlflce  In  the 
efficiency  of  light   production. 

The  positive  of  thia  kind  of  lamp  la  a  metal, 
usually  copper  or  a  copper  alloy,  which  la 
conaumed  only  very  slowly.  At  llrat  thU  nuiy 
aeem  anomalous,  but  the  explanation  Is  slmplr. 
Aa  this  lamp  arrangDmnnl  la  adapted  only  for 
direct  current,  tbe  arc  stream  la  atwnyi  unl- 
dtrM-llonal  and  toward  the  poaltlve  alectrod*. 
No  material  Is  carried,  therefore,  from  thtt 
poalitve  by  tbe  arc-iitr«am,  and  If  the  material 
and  design  Is  properly  manipulated  the  b«at 
nt  ihlH  positive  will  be  transmllled  and  radi- 
ated as  fast  as  developed.  A  alight  CMiUnt 
of  conductlvv  Klag  alio  protarta  the  hottoat 
portion  of  the  motalUc  anrfoce  from  ra[>14 
oxidation. 

laboratory  or  experimental  alleraailBC 
i-Hrronl  magnetlle-arc  lamps  have  been  ballL 
Magnetite,  ttunlum  and  moat  other  meUl 
oxides  are  aurh  elv^rode  materials  lu  reqnlr* 
a  sparlilBg  voltage,  at  the  temperatar*  ot  Um 
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urn  VHtiiir,  t'imnldtii-itlily  In  »i('»iut  at  tliut  r«- 
tiulfuit  lit  tiinliilntit  Hii  nrc.  TIiIm  itlKiiioi.iuiiun 
HMH  Itiilml  III  lliu  Huiinriil  illMcimHliiii  of  linn. 
Oil  tti'xiiiilil  tir  llilH  I'liiinirliTlnlli'  or  tU>-  dl- 
laiU  I'liMuiil    liimliiiiiin  nvi-    <<l«i-l riiili>,    lh«y    <I(i 


toiichee  the  positive,  when  current  muet  flow 
tliroiigh  the  electrodes  and  the  series  cut-out 
niUKnet,  as  Indicated  by  a  glance  at  Fig.  3. 
This  weukeas  the  feeding  magnets  until  the 
iiOKiidve  electrode  tallB,  until  supported  by  a 
I'liitch,  thus  drawing  the  arc.  When  the  nega- 
IIvo  (.•loclrode  is  consumed  so  that  the  arc- 
volluKe  has  reached  a  certain  point  the  sbunt- 
rci'iUiig  iiiB|;Det  becomes  strongly  eiierglzed 
(■iiini»;li  liu  thiit  It  cloaes  the  carbon  contacts. 
Thi'  stiinlnK  manincts  are  now  ngiiln  taking 
iiiiiviii  ii:ut  bringing  the  electrodes  Into  con- 
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Tit*    Ump    win    DOW    repeat    Uie    flrat 

tlon.      This   •L-tlon    al*o    tends   to    braitk 

>  *ar  lifts  or  criut   foriued  about  the  edgeii 

F  ti  th»  B»nUro  •lectTode.      It    will   be   notod 

«  tit*  us*  ol  air  currents  !■   utlllx«d 

to  CATTT  oB  lb*  llsbt  aolld  prodncta  of  th«  aro 

Aid  loddcatally  to  Mead?  and  ceater  the  arc. 

Wltbovt  ladi  a  veatllaUns  arstem  the  accu- 


^fx_j^^ 


around  tb«  nesatlvti  cliKtrodc,  and  anutber 
srours  oT«r  Ui*  rellMtor  aurfaco,  sad  tbea* 
both  pasa  up  a  chlmner.  aubaiantlatlr  u 
ghown  la  the  dlaKraiD.  fig.  fi.  It  Is  «tat*d 
that  iheae  air  durta  have  been  caT«fullr  d^ 
Blgited  eo  Ihat  the  hl^oat  winds  cwnnot  r^ 
dut^e  or  reverse  the  drafta.  The  sleadylnc 
effert    of   ttirme   iilr   rurr<-Q(s   tiiak<.-ii   It    puaalbl* 


DUOBAHJIATIC     ARaAN'OEMENT     OF 

PAWn,  WKSTINGHOUSB  lfETAl.UO  ARC 

aaODTtNO    OIBBCnON    OF"    Am   CliR- 

gl   tbcae  oiidea   Is  rapid   and   lDt«r- 
wUM  th*  proper  dIatrlbuUon  ot  light. 

portion  ol  the  arc  ta  pear  the 
and  the  makers  ot  the 
tTp*  claim  that  the  ahadow  under 
lamp  Is  larttitr  and  denser  than 
Ik*  Atactrod*  ta  fed  from  the  top.  ThU 
iMc*aattalra  a  larger  globe  and  a 
elwlrode  or  a  shorter  life  than  the 
With  the  overfved  lamp  develape<l 
(  W**tlm[boa*e  Co.,  tbe  dlfflcultjr  of  th* 
BZld*  aoGaiBubillne  vorjr  rapidly  has 
slrtlated  b;  arranglox  tba  rentUaUoK 
•o  that  a  cnrrent  ot  air  couiea  down 
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to  maintain  the  arc  valtaKo  mor*  nnlfam, 
thereby  Increasing  the  efflcleucj  by  redudBg 
tbe  arerage  ot  watts  consumed. 

Tbe  general  arrangement  of  the  parta  of  tb* 
WeatingbouBe  lamp  are  shown  tn  Figs.  S  and 
6.  The  elerlroden.  whra  the  current  la  Off. 
ar«  separated,  and  the  cut-oat  contact*  ar* 
closed.  The  armature  of  the  (••dtag  raamM 
is  connected  to  a  dash-pot  having  a  gntpblt* 
B»lf-liibrlcatlaB  plunger  which  to  daalgnvd  ao 
as  nut  to  stick  under  the  moat  a*T*r«  eao- 
dltlons. 

When  the  current  Is  turned  on  It  enerslM* 
the  feMlIng  magneta.  which  pull  down  th«lr 
armatur*   and   bring   the   electrodes   Into  coa- 
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tnct.  This  allows  current  to  pass  through  the 
MorioH  iiiuKnot  and  the  series  cut-out  is  lifted 
from  the  shunt  cut-out  contact,  thus  break- 
iuK  the  circuit  through  the  feeding  magnets. 
AiT(»rdinKly  the  armature  is  released  and  the 
arr  Is  <irawn.  As  the  negative  electrode  burns 
awuy  tho  arc  lengthens  and  the  voltage  across 
its  tormiiials  risos  until  a  sufllcient  current 
pHHHOH  through  the  shunt  magnet  so  that  it 
rulsos  tho  shunt  cut-out  contact  until  it 
touchoH  the  sorios  contact.  Then  the  feeder 
muguotH  aro  ouorgizod  and  the  arc  fed  until 
its  normal  longth  is  ro-established. 

Koctltlor  SvHtoui.-- Metallic-arc  lamps  were 
first  oporuted  by  modltlcations  of  the  old-style, 
st*rii^y  arc  gouorators.  notorious  for  their  in- 
otllrioncy.  After  considerable  experimenting, 
mercury-an*  roetltler  sots  were  designed  for 
(urulshiug  the  necessary  direct  current  at  con- 
stant amperage  tvom  constant-|H>tentiaI  alter- 
utlng-ourrtMit  supply.  Tho  set  consists  essen- 
tia Uy  of  a  constant -current  transformer,  a 
m«»reurv  rtH'tinor,  a  switchboard,  and  neces- 
sary lustrumeuts.  etc.  The  general  arrange- 
ment is  shown  in  tho  diagram  by  Fig.  7. 

Tho  constant -current  transformers  are.  in 
|Kvm>ral.  the  samo  as  those  devoloptni  for  series 
altoruatiug-currtnit  lighting  systems.  In  the 
Ooueral  Kloctrlo  Co.'s  system  a  r%»actance  coil 
«»ucU^sed  lu  tho  same  caso  with  tho  transformer 
Is  lus**rttHi  in  tho  dlrtK*t-currtnit  circuit  to  re- 
iluvo  tho  pulsations  In  tho  tvctltlod  unl-diroi'- 
t  tonal  curront.  Additional  inductance  also 
ma>  t>o  placod  lu  tho  alternating  cur  rout  cir- 
cuit of  tho  rt»ctl!\er  tube  to  dampen  "kicks** 
lu  that  cUvuU  duo  to  Hue  dist urban ^-os. 

lu  this  s>»lem  .4  siartiuki  liausfovmor  is 
usoil  tv^  suppl>  a  lo^  poiouu.il  >pliipha>o  cuv- 
rtut  vo  the  si.-ivtsu*;  .luodo  ot  iho  u'.orv r,v> -arx- 
rxvtiftor         V     suui",     ,-iv.\r.iiiv\    iWv-    :s     >'..r;.o.l 
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low  operating  cost,  and  the  tubular  form,  with 
low  intrinsic  brilliancy  and  good  diffusion, 
are  of  greater  importance  than  havine  a  natu- 
ral color  value  of  illumination. 

The  complete  lamp  for  direct  current  com- 
prises the  tube  and  holder,  and  a  small  set  of 
inductance  and  resistance  coils  connected  in 
series  with  the  tube.  The  tube  is  of  a  special 
glass,  carrying  an  iron  electrode  at  the  upper 
or  positive  end,  and  a  mercury  electrode  at  the 
negative  or  bulb  end,  connected  with  the  out- 
side by  platinum  wires  sealed  in  the  glass. 
The  tubes  are  made  in  lengths  of  21  and  45 
Ins.,  of  a  diameter  of  1  in.  for  candle  powers 
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FICS.  7.  D1A0R.1M  SHOWING  GENERAL  AR- 
KANVSEMENT  OF  ME:RCURT  ARC  RECTIFIER 
SYSTKM  KOR  SERIES  METAULiC  ARC  LAMPS; 
OKNKKAL  ELECTRIC  CO. 

of  ;>00  ;ind  700.  respectively,  for  the  general 
srv^v.r*  of  voUas:^*s  about  110  and  220,  re- 
svHv:i\oI>.  The  iivN?  can  be  adopted  for  any 
vvv'iv.erviA'  voi'.Ai:^.  ihousch  the  cmndle  power 
v^;i:.s:vs  *::jc>.::>    :or  d:*erent  Toliages.     Only 

:'  r.'.^rcury  is  coatained  in 
:c:i.v::ve  c"::d.  The  tube  is  ex- 
v-  >  v:  ir  :o  Crookea  vacuum 
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Ciirrti't  Supply 


FIc  S.     Far  Dlnct  Curr«Bt  Lktnpf.  FIc  9.     Fot  Alls 

FTOJL  ft  AND  »       IJIAQKAUS  BHOWINQ   ARRANaCjIKNT   OP    PARTS    I 

stoMKBUrj  IncrMBos  ut  mlBUoce  of  BuIDdent  feet  of  locreusloK  rvslatAiice  lends  to  liMOm* 

■uSBJUda  to  bratk  theiuutlnult]^  or  the  arc.  cumotallve.  u  a  oertala-alMd   Inductance   hna 

Tbta  wiaiBi  to  dlBkppe«r  with  n  current  of  ov«r  be«n  found  to  keep  the  vatmr  Ktream  oontlnn- 

'  •'it  Uitwr«*.  ftud  with  smaller  currents  wben  oua    for   a    few   seconda,    wbll*   a    Uircar   on* 

■X'v  D««air«  ei«rtrod*  becomes  tiut.     Wllb  (be  would   t>e  neccaaarr  to  maintain  It   for  a  few 
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In  starting  the  tube  is  tilted  and  the  mer- 
cury in  the  tube  poured,  in  a  small  stream, 
between  the  two  electrodes.  A  short  circuit 
is  prevented  by  an  auxiliary  resistance. 
When  this  stream  is  broken  by  returning  the 
tube  to  normal  the  arc  is  started  and  the 
lamp  put  into  operation.  This  tilting  is  ac- 
complished by  a  chain  attached  to  the  upper 
end  of  the  lamp  rod^  or  by  a  solenoid  on  the 
stem  at  the  pivot  joint  of  the  lamp  rod. 

It  is  impossible  to  work  the  simple  direct- 
current  tube  on  alternating  currents  on  ac- 
count of  the  phenomenon  noted  under  alter- 
nating-current arcs,  mercury  being  one  of 
those  electrode-materials  with  which  the  volt- 
age consumed  in  an  arc  is  much  less  than 
the  sparking  voltage  at  the  temperature  of  the 
arc. 

The  tube  for  the  alternating-current  lamp 
is  similar  to  the  direct-current  type,  except 
that  the  upper  end  carries  two  positive  elec- 
trodes and  a  small  starting  electrode  (con- 
nected through  resistance  to  one  positive). 

The  starting  is  accomplished  by  tilting  the 
tube  by  a  chain.  The  mercury  flows  out  of 
the  bulb  as  in  the  direct-current  type,  and 
strikes  the  starting  electrode,  but  skips  the 
positive  electrodes,  which  are  in  pockets  on 
the  upper  half  of  the  tube.  On  account  of  the 
irregular  flow  of  the  mercury  about  the  start- 
ing electrode  it  makes  and  breaks  the  circuit, 
starting  an  arc.  If  the  arc  be  started  at  such 
a  point  of  the  alternation  of  current  that  the 
mercury  column  is  the  negative  electrode, 
then  the  arc  will  continue  between  the  mer- 
cury and  (alternately)  the  starting  electrode 
and  that  positive  to  which  the  starting  elec- 
trode is  not  connected.  On  account  of  the  re- 
sistance connected  between  the  temporarily 
inactive  positive  and  the  starting  electrode 
the  arc  will  not  be  maintained  on  the  starter, 
but  on  both  positive  terminals  alternately.  If 
there  were  no  resistance  between  the  starting 
electrode  and  that  positive  electrode  to  which 
it  is  connected,  supposing  the  arc  to  have  just 
been  started,  and  the  tube  still  tilted,  should 
the  mercury  touch  the  starting  electrode  again 
the  arc  would  fail,  as  a  metallic  path  would  be 
placed  in  parallel  with  it. 

As  the  candle  power  of  the  mercury  arc 
varies  considerably  with  variations  of  voltage, 
some  auxiliary  regulating  apparatus  needs  to 
be  included  in  the  circuit.  A  "ballast"  re- 
sistance has  been  provided,  quite  similar  to 
that  used  with  the  Nernst  lamp.  An  iron 
wire  is  wound  on  a  porcelain  pencil  and  the 
whole  sealed  in  a  glass  tube  through  which 


the  terminals  pass.  Iron  has  the  property  of 
greatly  increasing  its  resistance  by  passage 
of  relatively  small  current.  At  500*'  C.  the 
working  temperature  of  the  "ballast,"  this 
effect  is  enormously  accentuated.  The  coil  is 
plated  in  series  with  the  arc,  and  is  so  de- 
signed that  a  slight  decrease  in  the  current 
causes  such  a  decrease  in  the  voltage 
drop  across  the  terminals  of  the  coil  that,  the 
remaining  portion  of  the  voltage  impressed 
on  the  lami)  remains  more  nearly  constant. 

The  mercury-arc  lamp  has  found  its  widest 
application  in  various  industrial  and  commer- 
cial plants.     On  account  of  the  comparati\eIy 
large  candle  powers  and  peculiar  colors  it  is 
•limited  to  such  places. 

Those  who  have  not  worked  under  the 
light  are  the  strongest  objectors  to  its  green 
color.  However,  many  manufacturers  and 
shop  operators  state  that  workmen,  clerks, 
and  draftsmen,  alike,  soon  become  used  to 
the  absence  of  red  rays  and  that  the  eyes  ap- 
parently are  less  fatigued  by  the  same  length 
of  time  in  close  application  to  fine  work  than 
with  those  illuminants  yielding  more  red  rays. 
The  current  consumption  for  a  given 
amount  of  light  is  particularly  economical 
with  the  use  of  the  mercury  lamps,  being 
claimed  to  be  about  half  that  of  open  arcs,  a 
third  of  the  enclosed-arc  figure,  and  a  sixth  of 
the  common  incandescent  service.  While  the 
first  cost  is  high,  yet  it  may,  under  many  con- 
ditions, be  lower  than  the  installation  coat  per 
candle  power  for  incandescent  seryice.  This 
item  of  installation  cost  has  varied  from  one- 
half  to  twice  that  of  the  other  forms  of  elec- 
tric lighting.  Hoover,  th^-.m^kers  claim  to 
be  able  in  almost  every  ca^j^'fj^S^arantee  that 
th6  reduced  operating  co^'mu^be  such  as  to 
pay  the  entire  cost  of  inff^^&tion  on  equip- 
ments of  considerab^et'^^iz6. 

The  life  of  the  tulb;^^  gu|fiiMieed 
•  hrs.,  and  averages  mucl>  aboye  thai 
about   5,000  hrs.     Individual-  case8^< 
to   7,500  hrs. 

The  Moore  Vacuum  Tube. — Mr. 
lane  Moore  began  his  work  on  comlnjfSrcULli^ 
ing  Geissler  tubes  about  twelve  yearOtgO.  In 
the  various  stages  of  development  the'JgiyBlem 
has  had  different  lengths,  sizes  and  flhapes 
of  vacuum  tubes  and  numerous  derlces  for 
the  production  of  the  necessary  high  poten- 
tial to  make  the  tubes  luminous. 

In  its  present  form  the  vacuum  tuhe  con- 
sists of  a  l?4-in.  glass  tube  for  any  desired 
length  supported  near  the  ceiling  by  suitable 
brackets    and  encircling    the   area  to  be    11- 
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.  TtlB  Milttlbuou*  lubn  la  made  It) 
plac*  tmm  t  or  «-tL  iMaRthii,  ]aliii>il  with 
blaW'^PM  br  locibodB  mkdu  lamlllar  liy  mak- 
ttra  of  pIVBlcMl  apparviUH.  The  eads  of  thts 
loftc  ■»•*  >r*  brooBht  to  a  at«<el  box  ahoiii  2 
LarRc  oubin  elttct^o(I«^a  nr«  In- 
I  «uil  or  the  tul>e,  roDDvrtcd  <o  ttio 
nwucU  by  plktlnum  neAlpd  In  the 
Tha  oomploted  tub«  la  eibnuBtod  In 
tij  a  portable  mechanical  vacuum 
PMBp  la  a  pr«aaure  clnlmed  to  be  about 
I-«*.*9l>  of  an  atintMphere, 

T^  D«fea*mr>  hljtb  lenalDii  current  la  ab- 
t*la«d  Iron  a  ilmiilti  tranfttoriner,  located  In 
thm  Mael  box  mvnlliiDed  uliuve. 

(I  waa  earl;  abDwn  Dial,  with  such  tubm. 
tbe  r»r«f action  ■t*>adll,v  lacreaaed,  lucraasluK 
iti«  nslatanc*  In  an  obscure  manner  until 
It  Wame  loo  hlih  (or  ih«  working  voltage. 
Cwjaaqagntly  lb*  Hitbl  of  Ibe  tube  noon  went 
OMt.  Tbta  dlfflcultf  Is  Bi  prnsem  overcome 
hi  m  aiiMt  tngvnlouB  resulailng  vitlvi'.  A  plm's 
■f  <i-(n.  Blau  lublnK  1"  Bupportcd  vnrtlcallj-. 
wtik  lu  btiitoin  contractMl  Into  a%-ln.  kIhhh 
tab«,  vhtcl)  «««nda  to  ihr  main  Ilithilnic  lutw. 
At  Ul*  pnlnl  of  ctintrartlon  a  St'ln  carbon 
pIttS   la  CMBvnied    In.      Its   porcwUy    la   auch   as 


to  allow  gaaes  r;iall>*  to  porrnlalo  Ibrouih. 
bui  not  sulflclent  to  allow  ibe  mercury  whlcti 
normally  compleiuly  oovera  It  to  paM.  Partly 
Immerned  in  the  mercury  and  concentric  with 
the  carbon  plus  la  a  amalli^r  movnblo  iilaaa 
lube,  wboae  upper  pnrt  nrrlra  a  bundle  ot 
sort    Iron   wIrM.    wblcb    form    tb«   corv    of    a 
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solenoid  In  series  with  the  primary  of  the 
transformer.  All  these  parts  are  shown  in 
the  diagram,  Fig.  11.  There  is  a  critical  point 
of  vacuum  at  which  the  conductivity  is  a 
maximum,  and  the  tube  normally  works  a 
little  below  this.  As  the  vacuum  becomes 
higher  the  conductivity  increases  and  a  greater 
current  flows  through  the  solenoid.  This  lifts 
the  displacer,  lowers  the  mercury  level  and 
exposes  the  carbon  tip.  Immediately  a  minute 
amount  of  gas  passes  into  the  vacuum  tube, 
until  the  vacuum  falls  to  normal  and  equilib- 
rium is  established  again.  This  action  is  re- 
peated about  once  a  minute  during  the  use 
of  the  tube.  This  feature  of  the  Moore  ap- 
paratus is  also  shown  in  Fig.  11. 

When   the   regulating  valve   is  arranged   to 
admit  air,  the  light  given  by  the  tube  is  rose- 


colored.  If  nitrogen  Is  used  the  light  is  yel- 
low, and  when  carbon  dioxide  is  admitted  a 
close  imitation  of  daylight  color  values  is  ob- 
tained. It  should  be  stated  that  the  tube  giv- 
ing "white"  light  is  not  as  efficient  in  light 
production  as  when  air  is  admitted. 

Tests  by  the  New  York  Electrical  Testing 
Laboratories  have  shown  an  efficiency  of  0.65 
watts  per  c.  p.  for  the  rose-colored  tubes;  with 
those  for  the  production  of  white  light  the 
efficiency  is  about  1.5  watts  per  c.  p. 

The  advantages  of  the  light  may  be  briefly 
presented:  A  low  intrinsic  brilliancy  of  about 
12  c.  p.  per  lin.  ft.  of  tube;  a  better  efficiency 
than  carbon  filament  lamps;  a  good  diffusion, 
but  not  entire  elimination  of  shadows.  Its 
disadvantages  lie  in  present  difficulties  of  re- 
pair, high  initial  cost  and  lack  of  flexibility. 


BLAST-FURNACE  SLAG  CEMENT 

By  HORACE  ALLEN 


FROM    "THE    IRON    TRADE    REVIEW  " 


In  the  direction  of  utilization  of  the  by- 
product slag  various  more  or  less  satisfactory 
methods  have  been  devised,  such  as  the  man- 
ufacture of  paving  blocks,  artificial  stone, 
concrete  fiags,  slag  cement,  slag  sand,  slag 
bricks,  slag  mortar,  slag  wool;  but  owing  to 
the  large  quantities  produced,  the  most  eco- 
nomical and  profitable  methods  of  utilization 
are  those  which  can  be  made  to  deal  with 
the  whole  of  the  slag.  In  any  of  the  appli- 
cations of  slag  instanced  above  only  a  com- 
paratively small  proportion  of  slag  produced 
can  be  turned  to  profitable  account,  and  as 
the  slag  continues  to  accumulate,  it  must 
either  be  dumped  upon  land  at  an  expense 
for  haulage  and  rent,  or  carried  to  some  free 
deposit  at  the  cost  of  carriage,  etc.  In  some 
local  cases  instead  of  having  to  incur  expense, 
a  small  price  is  paid  for  the  slag  for  road 
making,  etc.,  and  this  is  probably  the  most 
profitable,  if  the  whole  of  the  slag  can  be  dis- 
posed of;  the  other  applications,  while  bring- 
ing in  a  return,  can  chiefly  be  said  to  offset 
the  cost  of  dealing  with  the  bulk  produced. 

In  regard  to  the  utilization  of  blast-f\ir- 
nace  slag  for  the  manufacture  of  Portland 
cement,  it  must  be  borne  in  mind  that,  with- 


out careful  analytical  selection,  combined 
with  calcination,  the  slag  will  only  form  a 
substitute  for  the  usual  addition  of  sand  in 
cement  mixture.  Regardless  of  the  claims  of 
inventors  crude  slag,  however  finely  ground 
only  forms  the  nucleus  for  the  active  cement 
to  combine  with.  The  writer  has  made  a  spe- 
cial study  of  this  question  and  cannot  too 
strongly  advise  managers  to  carefully  scruti- 
nize the  claims  of  any  advocate  for  the  em- 
ployment of  slag  for  a  substitute  for  Portland 
cement.  The  cost  of  grinding  to  the  neces- 
sary fineness  must  also  be  taken  into  consid- 
eration. 

Instead  of  calculating  upon  the  value  of 
the  prepared  slag  at  the  price  of  real  cement, 
the  real  value  here  is  on  the  sand  usually 
mixed  with  cement  in  structural  employment, 
unless  it  is  used  in  admixture  with  cement 
clinker  and  subjected  to  calcination.  The 
above  remarks  do  not  refer  to  slag  cement 
and  mortar,  both  of  which  may  be  of  fairly 
good  quality,  but  fall  short  of  Portland  ce- 
ment. Certain  classes  of  blast  furnace  slag 
can  be  utilized  in  the  manufacture  of  Port- 
land cement,  as  already  indicated,  and  con- 
siderable    quantities     are     employed     in     the 
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building   of   docks,   breakwaters.   foundatlonSp  and   physical   testH.     The  content    of   lime   in 

etc..  and  the  followlnic  particulars  may  be  of  good  cement  ranges  up  to  (>6  per  cent.:   mag- 

svnrlce  In  this  connection:  ncsia  may  be  up  to  2  per  cent.,  but  not  higher. 

Tri-caldum  silicate:  Flour  is  most  suitable  when  the  cement  is 

Ratio  of                Per  cent.  ^^  ^  mixed  with  sand,  but  if  the  cement  is 

Formula            CaO    to    810,            CaO     810,  ^^   ^   ^^^ed   neat   It   should    be   of    a    rougher 

3   CaO  SIO,                   2.S                    43.68   26.32  quality.      The   chemical   constitution   of    Port- 

Thls    is    constant    In    volume    and    hardens  j«°^  «^°^^"^  °'  K°°^  »^"*»«  ^"*"^>'  «»"«  *«^ 

well,  though  slowly,  but  3  4   CaO  to  1  SiO,  is  t'f  chief  constituents  be  within  the 

.  Ume    (CaO)     47  to  60  per  cent, 

DOC  sou  no. 

8iiica    (SiO,)     20  to  35  per  cent. 

DlKaldum   alumlnate:  Alumina    (Al.O.)     0  to  15  per  cent. 

Ratio  of               Per  cent.  Magnesia   (MgO)   less  than  3               per  cent. 

Formula            CaO   to   Al,0.            CaO   Al.O,  p^^^  ^^^  ^^^^^   j^  ^„j  ^  ^^,,j^„^  ^^^^  ^,^^ 

2   CaO  A1,0,                    l.l                  52.38   44.61  conUinlng    a   higher    proportion    of    magnesia 

•eta   quickly   with    ?ood   hardening   properties  than  3  per  cent,  must  be  used  very  sparingly 

and   constant    volume:    while    2  Mi    CaO   to    1  i^  admixture  with  cement  clinker  to  keep  the 

Al.O,  does  not  give  a  sound  result.  proportion  of  magnesia  within  the  limit  given. 

The    writer    considers    that    the    following  and   the   proportion   of  sulphur,   or  sulphuric 

formula   should    be   approximated   in   percent-  acid,  must  be  kept  low,  if  good,  sound  result! 

age  proportions:  are  required. 

CaO  ^-   (SIO,  ^  1.S6  to  2.8)    ^^   (Al^O,  x  l.l  to  A   rough   calculation   shows   that   the  total 

1.64  >  weight  of  cement  exported  from  England  and 

But   the  rhemlcbl   analysis   Is  of   little  ser-  Europe  to  oversea  countries  only  amounts  to 

Ticv  in  determining  the  quality  of  the  cement  about  1-25  of  the  slag  produced  In  the  United 

In  the  absence  of  particulars  of  manufacture  States  alone. 


VALVE  LEAKAGE 


FROM    "THE    E.NGI.NKEK,"    LONDON 


We  recently  referred  to  a  paper  by  Dr.  Mel- 
laabj  on  "Superheated  Steam."  in  the  course 
of  which  he  spoke  of  the  theory  advanced  by 
Mesars.  Callendar  and  Nlcolson  to  account  for 
what  la  known  as  the  "missing  quantity"  in 
sttfikin  engine  cylinders — in  other  words,  to  ex- 
plain that  disparity  which  exists  between  the 
wdght  of  the  feed-water  pumped  into  a  boiler 
and  that  measured  by  the  indicator.  The  ac- 
cepted theory  up  to  1897  was  that  the  metal 
of  the  cylinder,  being  cooled  down  during  the 
exhaust  period,  condensed  steam  when  the  a  1- 
mlaHlon  port  opened,  which  steam  was  mit 
« bully  revaporized  during  expansion.  Drletly 
lose  was  due  to  Initial  condensation.  Messrs. 
I'alltf'ndar  and  Nlcolson  made  experiments  and 
rah'ulatlons  to  determine  the  precise  quantity 
thus  condensed  under  any  given  clrcumstamvs. 
and  arrived  at  the  conclusion  that  initial  cmi- 
deasatlon  could  onlj  represent  a  verj'  small 
portion  of  the  loss.  That  a  very  considerable 
luaa  did  take  place  was  indisputable,  only  one 
waj  remained  of  accounting  for  it.    The  piston 


of  the  experimental  engine  was  found  tight: 
leakage  past  the  slide  valve  alone  remained 
as  a  cause.  But  when  the  engine  was  standing, 
the  valve  was  light •  Therefore  the  loas  must 
be  due  to  the  movement  of  the  valve.  The  ul- 
timate shape  taken  by  this  theory  is  that  steam 
passes  the  slide  valve  In  the  form  of  water. 

Englnet*rs  have,  as  a  rule,  hitherto  paid  very 
small  attention  to  Messrs.  Callendar  and  Nlcol- 
son's  views.  This  Is  to  be  regretted,  and  Dr. 
Mellanby  has  done  Kood  service  in  putting 
them  forward  once  more  for  discussion.  At 
least  one  curious  qut>stlon  is  raised,  namely, 
the  behavior  of  steam  when  leaking  between 
comparatively  large  flat  surfact>s.  It  Si*oms  to 
l>e  certain  that,  under  these  conditions.  Ilque- 
faction  does  take  place.  Water  drains  uway 
at  all  events.  There  Is  no  reason  to  think  that 
this  is  due  to  cooling  Inr  any  ordinary  souse. 
The  only  possible  explanation  is  that  the  heat 
is  converted  into  work.  So  much  energy  Is  «'X- 
pended  in  forcing  the  steam  through  the 
chink"  that  liquefaction  rnsues.  If  this  Is  not 
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what  happ«n:s.  we  are  left  without  an  adequate 
explanation  of  any  kind.  If  it  does  happen, 
ic  U  not  quite  easy  to  explain  what  becomes  of 
ihe  heat.  It  is  to  be  assumed  that  it  Is  spent 
In  overcoming  fluid  friction;  but  the  quantity 
Is  so  considerable  that  tangible  evidence  in  the 
shape  of  a  rise  in  temperature  somewhere 
ought  to  be  afforded.  Thus,  an  engine  of  100 
indicated  horsepower  using  2.000  lbs.  of  steam 
per  hour  may  very  easily  have  a  missing  quan- 
tity of,  say.  $  lbs.  per  minute.  If  the  total 
pressure  is  113  lbs.  the  temperature  will  be 
33>  =  :  the  total  heat  will  be  1.1S4.3.  One 
pound  condensed  to  water  at  212'  will,  liber- 
ace,  say.  d72.S  units.  The  heat  loss  to  be  ac- 
counted for  will,  therefore,  be  7. 7 SO  units 
per  minu'.e.  No  one  has.  so  far.  attempted  to 
say  precisely  what  becomes  of  this  heat.  Those 
engaged  in  research  work  might  do  good  ser- 
Tlce  if  they  would  carry  out  some  direct  ex- 
periments which  would  tell  us  what  takes 
place  when  leakage  goes  on  between  two  plates 
working  under  varying  slide-valve  conditions. 
Another  way  of  accounting  for  the  missing 
quantify  is  based  on  the  assumption  that 
whenever  steam  in  motion  is  suddenly  arrested 
a  part  of  it  is  condensed.  It  is  not  necessary 
to  go  here  minutely  into  the  reasons  assigned 
for  this.  It  is  enough  to  point  out  that  certain 
molecules  possessing  a  motion  proper  to  the 
condition  known  as  steam  lose  that  motion  by 
coming  into  sudden  contact  with  a  resistance. 
So-called  separators  may.  it  is  said,  produce 
the  greater  part  of  the  water  they  are  supposed 
to  remove:  and  we  have  heard  it  stated  that 
if  separators  are  used  in  series  each  of  them 
wVl  produce  warer.  I:  d^^es  uoc  appear  to  us. 
however,  that  there  is  any  necessity  for  calling 
in  the  aid  of  recoadi'.e  :heorles  such  as  this 
to  account  for  'he  a;i>«il::§  \i'.iaii:i:y.  lu  the 
firsn  place.  condeE^a:io:i  d".:e  lo  radia::o-^  ani 
condu'.'ion  is  always  ?oi:i^  o'^  >*beu  the  eiigiue 
is  df,  work:  and  i:  h^ts  ye:  :o  ^o  ;>roveJ.  in  :Iie 
ne.Ti  place,  thii-.  d:s:ri'?uv:oii  slidii:^  va:%e!>  iL\.iy 
pa2«s  '.u  waste  as  :i:  ^:c^^  .i>  .'  •  i^*-  .i-'.  i^.j  j:t\t::" 
s^jnr  in  10  a::  ea?'"e.  o:'  liia:  :h-.*  :M:i:s;e  o:  '.i*:-- 
perature  in  ihe  cyii-j-ier  is  -joc  su-ncic^:  .«  a> 
coun:  ::or  the  loss.  Two  vroii:  =  'J'."^'.  iiu.s  ;*:-^o.:':.l 
b*-  k'rfP'  in  siind.  ::i  ;-e  :vi:':e-cvMv-:jv  ■•- 
gines  the  fc:j:":i-i-''r-j>s-:'-e  >.-y".'.irJev  .i"'.vo.^-  .'"^^.i.-s 
works  we:.  A^a:::  ''^^  :ow-:-:v>s-.::v  o:  -^^  ■«.•  ■ 
always  works  dry  W-  liIv.i'j.v  :i.»  vw  v--.i- 
tion.s.  The  ra.is  li:-^-  we".  k-oNv '.!  •.-•  ;".  -ca 
goiii^  -n4!:ieT:-:?.  and  'hey  scetii  .■,>  .:s  lo  h.i\e 
a  bearing  on  -.he  v-.ilve  ieak.i^v  •.■loory.  It  >*::■ 
s^arcelv  do  to  say  that  'hv  :vi^.-i»'-e.-sure  valve* 
are  more  likely  to  leak  th.i'i  ih^'  low.     The  dif- 


ference in  pressure  at  the  two  sides  of  the  leak 
must  be  kept  in  mind.  The  high-pressure  valve 
is  not  leaking  into  a  vacuum,  but  into  the  first 
intermediate  receiver. 

Turning    now    to   the    temperature     of    the 
cylinder  walls,  it  will  be  seen  on  reflection  that 
the  surface  in  the  clearance  space  Is  so  large 
that  the  raising  of  the  merest  film  of  metal 
from  the  temperature  of  the  exhaust  to  that  of 
the  entering  ^team  will  suffice  to  condense  quite 
considerable  quantities  of  steam.    We  have  al- 
ready pointed  out  that  the  late  Bryan  Donkin 
carried  out  most  elaborate  experiments  to  as- 
certain the  fluctations  of  temperature  in  this 
"skin"   surface   without  ever  arriving  at  any 
conclusion   which   wholly  satisfied   him.      One 
difficulty   is   in   getting  a   thermometer   which 
will  act  quickly  enough.     He  tried  a  Thermo- 
pile, but  he  abandoned  it  as  a  failure.     In  1905 
Dr.  Mel  I  an  by  read  a  most  exhaustive  and  thor- 
oughly excellent  paper  on  "Steam  Jacketing" 
before  the  Institution  of  Mechanical  Engineers 
during  the   Li^ge  meeting.      That   paper  con- 
tains a  diagram  showing  how  the  temperature 
of  the  cylinder  walls  of  the  engine  with  which 
experiments   were   made   had   been   measured. 
But    the  thermometer    bulbs  were    separated 
from  the  inner  surface  by  a  thickness  of  metal 
of   H    In...  and  the  temperature  range  of  the 
metal   was  calculated,   not  directly  measured. 
Keeping  all  the  facts  in  mind,  it  must  be  ad- 
mitted, we  think,  that  the  present  position  of 
the  whole  question  is  very  unsatisfactory.     If 
it  can  be  proved  that  all  the  benefits  of  super- 
heating  and   compounding   and   jacketing,   as 
far  at  least  as  economy  of  fuel  is  concerned, 
can    be   sec <i red    by    the    simple   expedient  of 
making     dis:ril>u:lng    valves    steam-tight,    the 
staiTL   wi!;   ^t?   enormous.      Yet  the  proposition 
ba*  t'een  be  tore  the  world  for  nearly  10  years. 
a*jd  St:!:  ei:si:i'.:eers  as  a  body  are  wholly   in- 
v:vd.i!oi:s.      I'bat  Dr.   Me-Ianby  himself  always 
aualifes   the    .irs:'iu:en:   advanced    by  Messrs. 
v\i::e".idiir    .i-:.l    N:v>.\son   with   an   "If"    is.   we 
•>.-.'-'i     M,»  i-Ms..-   :or   refusing  to   inquire  fur- 
■.'»cr     !•...•    -.>-,»     —er-.s    o::    a    scheme     which 
•■:o''  isvs  >o  ::;.:v.i      ''iVi^   resu'::s  obtained  with 
■  ...  ...,.  ,..   »...,,,  ^  ,-. ..  ^^.^.„  .,_,  jjjypj.  jj^^  theory. 

■''   -':  ■ -^   -'c  :"vss:*?:e  to  make  an  en- 

r^  "'■■>■    ••*■   ^      <  ■->    ::--.j    '.iJi'i'..   at   least   for  a 
i    -•    .■.  .     -.v^     »A':h  ::  very  simple  ex- 
""  "^^  '  •'    wv..*.   ,.;o   :ar  to  settle  once 
'.,':  v^'-.'   ■.      •  t  -e   '■.'jkLiJie  can  or  cannot 

.V.V.O.-.;     :  .\-  'iti^ji  i: ;    ;  :.inuty."      Failing 

s-.ic:i   lu  .\  v.-  ..•:     '.ve  '.r.\\   ^o  on  talking  and 
ur'.Ti'.iii    :r:v»tr-    \v:::>o.i!:    .i-f.via^   at  a   really 

coutouiiii;;    ,v:ii.  .■;.'4;..ii: 


VOSa  KCr  VIMrtTT  OR  CO.VCRETE  VIADl'CT.  I-OOKIXO  FROM    LONO  KEY 


:ONCRETE  VIADUCT  CONSTRUCTION 
AT  SEA 

By  M.  B.  CLAUSSEN  ~ 


I'KOM     -CKMENT    AOB.' 


I  pUyi  llie  tuosl   liuptirtaiiL  ran   In 

■vctton    ot    the    Klorldn    Eaet    Coast 

1  trom  Miami  to   Kp>    We»t. 

klld  flltr-«lx  mild*  U  tbe  dlilonce' 

poliiU-      Key    West,    tb«   moat 

r  etty  ol  iba  Unllad  Suiee,  Ilea  at  tbe 

('«f  K  chain  of  lalantla  or  keys,  a 

iniiation  of  Florida's  east  coa&t. 

it  •aieDijr.flve  miles  at  wciier 

I  rrocsed  botor«  tbe  Onit   train 

•  WKTOs  and  onipr  Key  West. 

plM«  ot  cooatruction   will   cum- 

rark  of  Mr.   Henry  M.   Plaglnr. 

twpoty-tbree  years  has  been 

'   developing    Florida's   onai   cunit, 

J  tT»aa(arin«d    the   Mini- tropica  I    Jkinsle 

tcutUn  spot   where  tbouxuids  ul   luur- 

t  In  Ui«  winter,  he  baa  turned  hia  vy* 

'   M«,    that    torbulent    body    or    waifr 

t  and  maklns  talanda  of  Ibe  Klorida 

I  iBtarTcnlne  water  brtwnin  Iho  (orty- 
I  tmrlM  In  width  from  a  low  hundred 
bta  ft ,  and  In  dppth  Irom  one  to  thirty 
(1b  Ike  ahaltnw  and  proterled  portion* 
•dx««  are  ronatructlnic  embankmenla 
'  ta  key.  These  will  ba  rip-rapped 
k  I>  pfwranl  waabInK  and  make  a  pvr- 
I**    roMdbed    arntsa    th« 


keya  Is  nearly  completed,  and  cooetructioii 
trains  run  over  aeventy  miles  ot  track. 

By  lar  the  moat  Important  part  ot  this  won- 
derlut  undertaking  la  lbs  alx  miles  ot  roncrMo 
viaducts  that  span  the  d»ep«r  and  moro  u- 
i>u»ed  watcrB  of  tbe  Gulf  and  Ocean.  TIm 
Ural  of  these  viaducts,  of  which  there  are  tOur, 
commences  at  the  westerly  end  of  IjOni  Key. 
When  completed  It  will  hare  a  total  I«n8tb 
oI  lO.&DO  ft.,  and  consist  of  IS*  archea  of 
50-fl.  centers,  eicepl  every  fltth  arch,  which 
will  bare  a  6a-tt.  center  In  ordvr  to  take  up 
th<>  "lean."  The  water  varies  In  depth  from 
thirteen  to  twenty  feet  between  these  Keya. 
nnd  the  tide  under  normal  conditions  ttowa  at 
tbe  rate  of  four  lullea  an  hour.  In  order  to 
place  the  roadbed  out  of  reach  ot  the  hlgbeet 
wavea,  the  top  ot  the  viaduct  la  carried  to  a 
hulght  of  31  ft.  atmvo  high  water. 

While  ZSe.OOO  bbts.  of  cement.  ITT.OOO  cu. 
yds.  at  crushed  rock,  104.000  cu.  yds.  of  sand, 
613.000  lln.  ft.  ot  pltlnK.  E.700  tons  of  rwin- 
larclng  rods,  and  3.SOO,000  ft.  ut  dnssed  lum- 
ber for  arcb  forma  will  be  used  In  construct- 
Init  the  six  milea  of  ocean-going  vladuda,  n  de- 
scription of  the  work  now  under  way  ob  til* 
Long  Key  viaduct  will  give  one  an  Idea  of  ilM 
musnltude  ot  Mr.  FIscler's  undertaklns. 

Five  hundred  ot  Ibe  t.SOO  men  ensaied  oR 
the  whole  work  are  comtoriabty  housMl  In  a 
permanent  camp  on  tbe  wmterly  «nd  ot  LoBC 
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Key.  They  are  divided  Into  two  Bhlfte  of  250 
men  each,  tor  work  continues  all  nigbt  under 
the  glare  of  thousands  of  electric  ligots.  Sev- 
enty ot  the  186  arches  are  completed.  The 
method  ot  conntructioD  lu  as  follows: 

Pile  drivers  drive  28  piiea  Into  the  coralline 
limestone  rock  which  torniB  the  bed  of  the 
ocean  at  this  point.  After  the  pile  drivers 
pass  on  to  the  site  of  the  next  pier,  a  coffer- 
dam Is  lowered  from  a  giant  catamaran  Into 
place  around  the  piles.  By  meanu  of  a  long 
pipe  that  extends  to  the  bottom  of  the  coffer- 
dam, a  celling  of  concrete  Is  laid  to  a  depth  ot 
3  ft.  When  this  hardens  the  wattr  Is  pumped 
out  and  the  pier  forms  set  in  place  around  the 
piles    that   have    previously    been    cut    to    low- 


set  of  piles.  Its  place  being  taken  by  a  mixing 
machine  with  Its  accompanying  Larges  loaded 
with  cement,  crushed  rock,  sand,  reinforcing 
rods  and  tanks  of  fresh  water.  Salt  water  Is 
not  used  on  account  of  Its  deteriorating  effect 
on  the  steel  reinforcing  rods.  The  mixing 
machine  is  provided  with  two  sets  of  steam 
derricks,  one  to  collect  the  different  Ingredi- 
ents and  deposit  them  in  the  mixer,  while  the 
Other  transfers  the  concrete  to  the  forms.  Re- 
inforcing rods  are  wired  In  place,  and  the 
pier  form  filled  with  concrete,  hermetically 
sealing  the  piling.  The  pier  forms  are  left 
in  place  for  three  weeks. 

Where  the  water  Is  over  13  ft.  In  depth  the 
piers  are  stepped  out,  the  top  of  step  12  ft. 
below  the  springing  line.  This  line  Is  below 
mean  low-water  level.  The  ratio  of  the  steps 
for  the  12-ft.  plera  Is  one  horizontal  to  three 


vertical,  the  9-ft.  piers  have  one  horizontal 
and  four  vertical.  In  places  where  the  roik 
Is  too  hard  for  pile  driving,  an  excava- 
tion will  be  made  to  a  depth  ot  two 
feet,  and  the  base  of  the  pier  securely  anchored 
therein. 

On  a  Hoat  just  wide  enough  to  permit  its 
passage  between  two  piers.  Is  the  arch  form. 
The  float  is  now  towed  Into  place.  By  means  of 
Jacks  the  form  is  lowered  till  It  rests  in  Its 
proper  place  on  the  piers.  The  spandrel  wall 
forms,. made  up  of  several  sections,  are  now 
set  In  place.  Both  arch  and  walls  are  reinforced 
with  corrugated  bars.  Reinforcing  rods  la 
the  arch  are  connected  In  one  long  piece  by 
means  of  welded  links  and  wedges.  Cross- 
rods  are  now  wired  Into  place,  their  enda 
entering  and  forming  part  of  the  spandrel 
wall  reinforcing  plan. 

After  they  have  pasEed  on  the  constructtoa 
of  the  forms,  two  giant  mixing  machines  wltb 
their  barges  are  warped  In  place  along  side. 
Concrete  Is  rapidly  deposited  in  the  forms 
where  it  Is  tamped  by  the  construction  gang- 
The  arch  and  spandrel-wall  forms  are  left  Id 
place  for  three  or  tour  weeks.  £0  well  are 
the  forms  made  and  the  work  done  that  no 
pointlng-up  Is  necessary  when  the  forms  are- 
removed. 

Seventy  of  the  184  arches  in  this  viadutt 
have  been  constructed,  and  the  work  Is  pro- 
gressing at  the  rate  of  one  arch  or  &0  teet  t 
day,    (20  hours). 

Concrete  Is  used  in  many  other  ways 
through  the  work,  but  the  constructloa  ot  this- 
sea-going  ocean  viaduct  Is  by  far  the  most 
Interesting, 


ON  THE  TOP  OF  THE  VIADrCT.     THIS  WILL  BE  FILLED  WITH    ROCK  AND  EARTEL 
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I  ENERGY  PROBLEM  OF  THE  UNIVERSE 

By  A.  H.  GIBSON 

roNItRNSEI)    FROM    "CASSIER'S  MAGAZINK." 


r«  considering  what  may  in  the  future 
the  aources  of  energy  most  suitable 
Uiatlon  In  all,  or  In  some  particular 
t  woald  be  well  to  examine  the  present 
•onrces,  with  a  view  to  noting  the  ex- 
which  they  have  been  drawn  upon  In 
«:  their  present  possibilities;  and  the 
od  of  their  satisfying  our  future  needs. 
sctlag  (as  being  at  present  outside  the 
"ven  of  prophecy)  the  fabcinating  po3- 
B  of  radium  as  a  source  from  which 
Nt  Inexhaustible  supply  of  energy  may 
ined.  we  note  that  the  energy  of  the 
fr,     as    available     on     earth,     may     be 

classified  under  four  heads. 
ftergr    leaving    the   sun    and    reaching 
th  as   radiant  heat  and  as   light — un- 

mt  energy  stored  In  the  earth,  and 
e  because  of  the  high  temperature  of 
rior. 

le  kinetic  energ>'  possessed  by  the 
I  virtue  of  Its  diurnal  rotation,  and  of 
advantage  may  be  directly  taken  by 
I  the  rise  and  fall  of  the  tides  as  a 
iK  eBergy. 

lO  energy  which  may  be  liberated 
iiemlcal  combination  takes  plai^  be- 
ihe  vmrloos  elements  or  compounds  to 
kd  In  the  earth. 

energjr  of  rivers  and  waterfalls  being 
'ftllable  in  virtue  of  the  reevaporation 
T  which  has  reached  the  nea.  may  be 
red  as  coming  under  heading  1.  while 
mr  of  the  wind  may  be  considered  as 
nnder  headings  1  and  3.  the  current 
lelng  due,  partly  to  the  sun's  heat,  and 
:o  the  earth's  rotation, 
radiant  energ>'  of  the  sun  has  been  In 
t  and  must  always  be.  Indirectly  per- 
be  chief  source  of  terrestrial  enertry. 
ng  as  it  does  the  heat  and  light  neces- 
*  all*k>lAnt  and  animal  life:  and  to  thin 
ill  energy*  now  stored  in  the  coal  fields 
roleum  deposits  must  bo  attributed  to 
use.      In    primordial    days,    then,    this 


was  the  ultimate  source  of  all  energy  avail* 
able  by  mankind. 

The  direct  utilization  of  this  radiant  energy 
as  a  source  of  power  Is,  however,  a  d liferent 
matter.  It  has  been  attempted  by  several  in- 
vestors, with  some  measure  of  success,  par- 
ticularly in  California,  where,  by  using  huge 
parabolic  reflectors  driven  by  clockwork  so  as 
to  have  their  axes  always  pointing  towards 
the  sun,  and  each  carrying  a  steam  boiler  at 
its  focus,  power  has  been  obtained;  an  .in- 
stallation fitted  with  a  reflector  of  33  ft.  6 
Ins.  diameter  developing  Just  over  2  HP.  un- 
der favorable  conditions.  By  using  the  en- 
gine to  charge  an  accumulator  or  to  pump 
water  into  an  elevated  reservoir,  a  fairly 
steady  supply  of  energy  may  be  obtained  in 
suitable   weather. 

The  results  of  repeated  experiments  with 
similar  apparatus  show  that,  between  the 
equator  and  latitudes  43  degrees  N.  and  S., 
with  a  clear  sky,  quite  3.5  British  thermal 
units  per  minute  can  be  obtained  for  9  hours 
per  day  for  each  square  foot  of  projected  area 
perpendicular  to  the  sun's  rays.  Could  all 
this  heat  be  utilized,  this  would  give  8.2  HP. 
for  each  100  sq.  ft.  of  projected  area,  but,  due 
to  the  thermodynamic  inefficiency  of  the 
prime  mover  only  about  12^^  of  this,  or  about 
1  HP.  for  each  100  sq.  ft.  of  surface,  is  avail- 
able as  indicated  work  In  the  engine  cylinder. 

The  disadvantages  inseparable  from  the  uti- 
lization of  this  source  of  energy  on  any  but 
the  smallest  scale  are  very  great,  both  on  ac- 
count of  the  initial  high  cost  of  Installation 
and  of  maintenance.  These  must  always  be 
high,  since  climatic  and  meteorological  con- 
ditions prevent  the  Installation  of  single  plant 
of  more  than  moderate  size,  and  comparatively 
small  power.  Ai;uln.  those  parts  of  the  earth's 
Murfa(*e  where  ii  fairly  steady  supply  of  such 
ener>:y  could  he  relied  upon,  are.  on  account 
of  their  ex(*essivo  boat,  and  their  freedom 
from  ruin,  quito  unsuitable  for  the  mainte- 
nance of  any  large  centers  of  industry,  while 
In  temperate  climates,  or  in  subtropical  climes 
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where  the  rainy  Reason  may  cause  a  total 
stoppage  of  the  power  supply  for  some  months 
on  end«  the  method  is  obviously  impossible. 
On  these  several  counts  it  would  appear  that 
not  until  every  other  practicable  source  of  en- 
ergy has  been  tapped,  will  the  direct  utiliza- 
tion of  the  sun's  radiant  energy  be  carried 
out  on  any  large  scale.  With  the  improve- 
ment of  high  tension  transmission  of  electric- 
ity, for  long  distances,  however,  the  idea  of 
a  series  of  power  stations  stretching  along 
the  southern  coast  of  the  Mediterranean,  and 
along  both  sides  of  the  Nile  Valley,  as  well  as 
along  the  shores  of  the  Red  Sea  and  supply- 
ing power  through  high  tension  transmission 
lines  to  centers  of  industry  in  Upper  Egypt 
and  Southern  Europe,  becomes  more  feasible. 
Taking  an  available  ai'ea  of  say  20,000  square 
miles,  and  assuming  25%  of  this  area  to  be 
usefully  applied  to  the  abstraction  of  solar 
energy,  there  would  be  available,  on  the  basis 
of  one  horse-power  per  100  sq.  ft.  of  surface, 
no  less  than  iSO  million  horse-power  for  9 
hours  a  day,  an  amount  of  energy  which,  when 
taken  along  with  that  from  other  subsidiary 
sources,  would  go  far  towards  satisfying  the 
entire  power  demand  of  the  world. 

Considering  next  the  energy  stored  in  the 
earth,  in  virtue  of  the  difference  in  tempera- 
ture between  its  interior  and  its  surface,  no 
attempt  has  yet  been  made  to  take  advantage 
of  this  on  any  large  scale,  and  it  would  ap- 
pear on  examination  that  this  source  of  en- 
ergy, though  at  first  sight  most  promising, 
lAust  be  definitely  acknowledged  as  being  of 
no  avail  in  solving  the  future  power-problem. 
It  is  true  that  at  isolated  points  of  the  earth's 
surface — notably  in  the  Yellowstone  Park  In 
the  United  States  of  America,  and  In  Iceland, 
as  well  as  in  the  northern  districts  of  New 
Zealand,  abundance  of  water  at  a  temperature 
ot  say  200"  F.  is  brought  to  the  surface  by 
hot  springs  and  geysers,  and  in  close  proxim- 
ity to  water  supplies  at  a  much  lower  tem- 
perature, say  60°  F.,  and  in  these  few  In- 
stances there  is  no  reason  why  this  difference 
in  temperature,  though  too  small  to  allow  of 
an  engine  using  steam  as  its  motive  fluid  to 
be  used,  should  not  be  utilized  to  work  a  mo- 
tor using  either  vapor  or  carbonic  acid  gas, 
the  boiler  being  heated  by  the  hot  water  sup- 
ply, while  the  condenser  is  cooled  by  the  ad- 
joining cold  supply.  But  these  are  only  iso- 
lated cases.  Xormally,  after  a  depth  of  about 
100  ft.  is  reached,  the  Increase  in  tempera- 
ture as  the  earth's  center  is  approached,  Ik 
found   to   be   at   the  rate   of   about    1      F.   for 


each  60  ft.  in  depth,  this  temperature  gradi- 
ent increasing  slightly  with  the  depth.  Until 
the  former  depth  is  attained  the  annual  fluc- 
tuations of  temperature  are  still  felt.  It 
would  thus  be  necessary  to  sink  a  bore-hole 
to  a  depth  of  6,000  yards  to  reach  a  point 
whose  temperature  was  say  380°   F. 

In  favorable  localities,  in  the  neighborhood 
of    volcanoes,    or   where    the   earth's    crust  is 
known  to  be  thin,  this  depth  would  of  course 
be    considerably    reduced,    but    unfortunately 
such    localities,    on   account   of   the   probabili- 
ties   of    earthquake    shock,    and    of    volcanic 
eruption,  are  not  exactly  advisable  places  for 
the  establishment  of  large  centers  of  popula- 
tion or  of  industry.     Could  a  supply  of  cold 
water    then    be    introduced    by    one    bore-hole 
into    a    large    natural    or    artificial    cavity  at 
this  depth  and  led  away  at  a  higher  tempera- 
ture  through    a   second   bore-hole,   these   two 
water  supplies  might  be  utilized  as  before,  for 
the  working  of  either  ether  vapor  or  carbonic 
acid  engines.     But,  assuming  this  temperature 
at  the  base  of  the  bore-hole  to  be  initially  at- 
tained, directly  the  flow  of  water  commenced, 
the  temperature  would  be  lowered,  and  finally, 
when    a    steady    state    was    attained,    only   as 
much   heat   would   be  given   to   the   water  as 
could    be   transmitted    by   conduction    through 
that   portion  of  the  earth's  strata   In   contact 
with  the  water.     Assuming,  when  this   steady 
state  was  reached,  a  temperature  gradient  of 
so  much  as  1°  F.  for  10  ft.,  we  should  get  a 
supply   of   heat   by   conduction  of  about   0.12 
B.  T.  U.  per  square  foot  of  suri^ce  per  hour 
and   thus   a   cavity   whose   internal  area   was 
237,000  sq.  yds.  or  say  260  yds.  in  ctameter, 
would   be   needed    to   give   a   supply    cT   beat, 
equivalent — with    a    perfect    engine — to  100 
HP. — giving,  with  the  engine  in  use  pror*Wy 
about  10  HP.,  certainly  an  inadequate   retni 
for  the  energy  expended  in  sinking  the   bc^ 
holes  alone.     Here,  too,  the  excess  of  the  19 
of  heat  by  conduction  from  the  surface  of  !• 
ascending    bore-hole,    over    the    gain    by    cc- 
ductlon    from    that    of    the    descending    bo>* 
hole    has   been   neglected,   though    this    wo'«(l 
probably  reduce   the  available  energy  by   cic- 
thlrd,    the   issuing   temperature   of   the    w?ter 
probably  not  exceeding  200**  F.     From  thji  it 
would  appear  that,  except  possibly  in  the  few 
localities  before  mentioned,  the  direct  ut.iiza- 
tion  of  this  energy   is  quite  impracticabe  on 
any   commercial    scale.      It   must   fiot    b(    lost 
.siitiht   of,   however,   that  in   virtue  of  its  con- 
duction to  the  earth's  surface,  this  eno-gy  is 
being   continually   utilized   in   the    production 
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Itsngtii  of  the  Klderanl  day.  SInca,  however, 
the  length  of  the  day  would  only  be  Increased 
by  n  fractional  part  ot  a  second  by  the 
linuous  abstracilun  ot  an  amount  ot  energy 
equlvak-ni  to  ton  million  horse-power  tor 
million  years,  there  would  appear  to  be  small 
raasou  for  considering  the  effect  of  this  on 
poBlerlty. 

The  uiltUutlon  of  this  energy  may  ba  car- 
ried out  In  two  or  three  ways,  for  atampla, 
during  the  flow  at  the  tide,  water  might  ba 
allowed  to  Bll  a  large  basin  excavated  to  low- 
wBler  level,  this  water  being  allowed  to  flow 
through  a  series  of  turbines  as  the  tide-watar 
thus  Impounded  ebbs. 

This  might  be  done  In  either  ot  two  ways. 
The  whole  of  Iho  water  might  be  stored  nutll 
say  one  hour  before  low  tide,  and  then  ba  al- 
lowed to  do  the  whole  ot  Its  work  during  the 
next  hour,  the  turblnea  thus  warhlng  under 
a  variable  head  having  a  m^an  value  ot  aboat 
(H/2  1  loot,  where  H  Is  the  total  tidal  range. 
The  whole  ot  this  energy  would  then  need  to 
be  atored  by  accumulator  until  required.  A 
second  and  preferable  method  conslota  In  al- 
lowing the  turbines  to  work  under  aa  ap- 
proximately constant  bead  of  say  3  tl.,  tha 
water  being  allowed  to  (low  aa  soon  aa  tha 
level  In  the  storage  tank  Is  3  ft.  above  that 
of  the  ebbing  tide. 

Asaumlog  a  mean  tidal  range  ot  SO  tL,  la 
this  case  the  level  In  the  storage  lank  could 
only  be  allowed  to  fall  through  about  IT  tl., 
Hnd  the  work  done,  with  a  given  area  of  slor- 
uge  tank,  would  be  only  about  one-third  that 
done  In  the  previous  case,  though,  owing  to 
the  time  occupied  In  developing  this  power 
being  about  S  hours  as  against  1  hour  In  tha 
former  ease,  the  capacity  for  storage  could  ba 
considerably  reduced. 

In  addition,  too.  the  fact  ot  working  at 
constant  head  would  greatly  slmplffy  the 
problem  of  regulation  and  would  tend  to 
greater  efficiency  of  working. 

With  an  InsUltatlon  worked  In  this  man- 
ner power  would  be  directly  available  from 
the  lurblnee  for  two  stretchea  of  4  ^  bonra 
each  dally,  at  Intervals  ot  about  S  hours,  and 
obviously  na  th(«e  slack  Intervals  will  overlap 
the  working  lime  to  a  greater  or  leas  esfant, 
a  storage  system  would  be  neceaaary.  capahle 
of  dealing  with  the  worst  combination  ot 
rlrcumslancos  which  might  arlae.  and  capable 
of  carrying,  say  ES%  of  the  half  dally  ontpnt. 

With  n  duplicate  system  ot  turblnos.  ar- 
ranged to  work  uniler  a  constant  head,  one 
tiystem  being  driven  by  the  Ingoing  tidal   wa- 
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ter,  and  the  second  system,  as  before,  by  the 
outgoing  water,  the  work  done  by  the  water 
I>er  day  would  be  practically  doubled,  and  it 
would  now  be  possible  to  get  useful  work  de- 
livered from  one  or  the  other  series  of  tur- 
bines for  four  intervals  daily,  each  of  about 
4%  hours'  duration,  and  separated  by  idle  in- 
tervals of  about  2  hours.  In  this  case,  the 
capacity  of  the  storage  plant  needed  would 
only  have  to  be  sufficiently  great  to  carry  the 
plant  over  a  two  hours'  period,  or  about  25% 
of  that  needed  in  the  previous  case. 

This  necessity  for  cumbrous  storage  sys- 
tems forms  the  main  drawback  to  either  of 
the  foregoing  schemes.  The  necessity  may, 
however,  be  obviated  by  the  provision  of  du- 
plicate basins  divided  by  a  bank  in  which  the 
turbines  are  placed.  If  now  the  upper  basin 
communicates  with  the  sea  during  the  higher 
third  of  the  tidal  range  while  the  tide  is  ris- 
ing, and  if  the  lower  basin  communicates  with 
the  sea  during  the  lower  third  of  the  range 
while  the  tide  is  falling,  the  upper  level  never 
being  permitted  to  fall  below  %  H.,  and  the 
lower  level  never  to  rise  above  %  H.,  the 
available  head,  at  all  stages  of  the  tide,  varies 
between  about  0.53  H  and  0.80  H,  having  a 
mean  value  of  about  %  H. 

If  the  area  of  each  basin  be  A  square  feet, 
a  volume  of  water  equal  to  (AH/3)  cubic  feet 
may  thus  be  allowed  to  pass  the  turbines  in 
8%  hours,  and,  assuming  a  mean  head  of  20 
ft.,  and  a  turbine  efficiency  of  75*;c,  this  gives 

AH  2H  .75 

—  X  62.4  X  —  X 

3  3         33,000x60x8.33 

=  6.3  X  10-^  AH*  horse-power. 

If  A,'=  area  in  acres,  this  becomes: — 
.0274  AiH*  horse-power. 

This  might  be  increased  by  possibly  SOrj? 
by  allowing  a  variation  of  level  in  the  storage 
tanks  equal  H/2,  but  the  advantage  would  be 
largely  counteracted  by  the  necessity  for 
larger  and  more  costly  turbines,  and  by  the 
greater  difficulties  in  successfully  regulating 
the  speed. 

In  a  scheme  to  be  worked  on  these  Hues  on 
the  estuary  of  the  Seine  near  Honfleur,  the 
cost  of  special  works  nocossary,  not  including 
the  external  training  walls,  which  were  neces- 
sary in  any  case  for  the  improvement  of  the 
course  of  the  river,  worked  out  at  i:7l*,000, 
basins  having  a  total  area  of  25,000  acres  be- 
ing inclosed.  The  tidal  range  being  bet^yeeu 
10  and  16  ft.,  this  gives  an  available  horse- 
power  of   3,400   at   neap   tides   and    8.800    at 


spring  tides,  or,  taking  the  smaller  value  as 
being  constantly  available,  gave  a  capital  cost 
of  £21  per  horse-power  developed  at  the  tur- 
bine shaft.  On  the  mean  power  developed  the 
cost  becomes  £11.8  per  horse-power  devel- 
oped. It  would  appear  then  that  since  the 
mechanical  difficulties  in  the  way  are  not  very 
great,  and  since  the  financial  side  of  the 
question  is  favorable  even  with  coal  at  its 
present  price,  this  method  of  utilizing  the  en- 
ergy of  the  tides  is  not  only  feasible  but  most 
promising  for  the  future,  giving,  as  it  does, 
an  almost  inexhaustible  supply  of  energy, 
with  absolute  constancy. 

Attempts  have  been  made  by  numerous  in- 
ventors to  devise  some  means  of  utilizing  the 
vertical  rise  and  fall  of  the  water  in  forming 
waves,  and  the  energy  contained  in  the  water 
due  to  that  motion,  to  perform  useful  work, 
and  on  a  small  scale  several  methods  are  feas- 
ible. 

But  on  account  of  the  variability  and  irreg- 
ularity of  the  energy  supply,  and  from  the 
very  nature  of  the  case,  it  is  evidently  impos- 
sible that  this  source  of  energy  can  ever  be 
utilized  on  any  commercial  scale. 

Coming  at  last  to  the  fourth,  and  most 
generally  used  source  of  energy,  that  of  chem- 
ical combination,  as  exemplified  in  the  com- 
bination of  carbon  and  of  hydrogen  with  oxy- 
gen, it  is  at  once  apparent  that  the  more  im- 
portant of  these  sources  of  energy,  the  coal 
and  petroleum  deposits  of  the  world,  can  re- 
main avallitl)le  only  for  a  further  compara- 
tively short  period,  as  geological  periods  go, 
in  the  earth's  history,  and  that  as  regards  the 
distant  future,  they  may  at  once  be  dismissed. 
Probably  within  the  next  250  years  the  cost 
of  coal  will  have  increased  to  such  an  extent 
as  to  make  the  general  utilization  of  some 
other  source  of  energy  essential.  At  present, 
however,  it  is,  and  in  the  near  future  is  likely 
to  remain,  the  most  important  source  of  en- 
ergy for  all  motive  purposes,  and  on  this  ac- 
count it  is  worth  while  considering  how  its 
energy  has  in  the  past.  Is  at  present  being, 
and  in  the  future  is  likely  to  be  most  gener- 
ally utilized. 

In  the  past,  practically  the  only  method  of 
utilizing  this  energy  was  in  the  production  of 
steam,  and  it  is  interesting  to  trace  the  form 
oL  prime  mover  used  for  the  transformation 
of  ibe  energy  of  this  steam,  in  its  slow  de- 
vclopment  from  the  old  reaction  wheel  of 
II ore  and  the  water  lifter  of  Savery,  the  at- 
mospheric engine  of  Xewcomen  with  the  alow 
speed   engine    driving    a   rotating   crank,    the 
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high-speed  Corliss  engine  of  today,  still  tho 
most  efflcient  of  all  prime  movers  using  Hteani 
a«  the  motive  fluid,  and  Anally  the  steam  tur- 
bine. 

The  ifteani  turbine.  In  its  most  rei-ent  form, 
M*ems  an  almost  ideal  form  of  prime  mover 
for  the  use  of  steam,  because  of  Its  simplo 
construction,  the  small  spaco  occupied,  and, 
rc&sidering  its  comparatively  recent  develop- 
nsent.  Its  economy  of  working.  Considering, 
loo.  the  relative  merits  of  turbines  of  the 
Parsons  type  and  of  tho  Curtis  and  deLaval 
types,  it  would  appear  that  tho  advantages  of 
the  latter  types,  advantages  due  to  better  pos- 
sibilities of  governing  economically  under 
varying  loads,  to  absence  of  ''cylinder  con- 
densation," to  reduction  of  weight  of  rotating 
parrs,  and  generally  to  simpliflcatlon  of  con- 
struction, will  lead  to  a  modlflcation  of  one 
of  these  being  finally  adopted  as  the  standard 
d«-«igni  of  the  future,  rather  than  that  of  the 
Parsona  type. 

But  unfortunately  all  prime  movers  having 
steam  as  a  motive  fluid  suffer  from  the  com- 
mon disadvantage  that,  in  the  production  of 
this  steam  from  water  very  great  and  una- 
Toldable  losses  occur,  while  further  and  even 
greater  losses  occur  in  the  transformation  of 
this  energ}-  into  useful  work,  only  about  12'r 
of  the  energy  available  in  the  funt  leing 
aralUble  as  useful  work.  In  virtue  of  this 
rcnslderation.  It  would  appear  at  once  that 
since  the  available  store  of  energy  accumu- 
lated In  the  form  of  fuel  suitable  for  steam 
raising  is  so  strictly  limited,  the  steam  en- 
gine, whether  reciprocating  or  rotary,  cannot, 
aniess  Its  efficiency  be  enornidusly  increased 
in  some  «ay.  hope  to  exist  as  a  prime  mover, 
nnlesa.  Indeed,  some  other  method  of  steam 
production  is  adopted.  Now  natural  funda- 
mental laws,  together  with  the  fart  that  iho 
materials  of  construction  at  our  disposal  are 
not  capable  of  being  used  at  a  very  high  tem- 
perature »'hen  In  contact  with  steam,  prurti- 
rally  limit  the  possible  thermal  efficiency  of  a 
cteam  engine  to  about  65';;.  while  considora- 
Tion  of  maintenance,  lubrication,  etc.,  limit 
ibifi  to  about  jO'.c.  But  between  this  and  tin* 
efflriency  actually  obtained  In  practice,  there 
ii  a  great  gulf  fixed,  a  gulf,  the  bridging  of 
whirh  in  theory  is  fairly  well  understood,  but 
wLlch  i3  in  practice  impossible. 

Turning  from  this  to  tho  ccmslderation  of 
th«*  internal-combustion  engine,  we  find  many 
cbrions  advantages,  and,  in  view  of  these,  it 
i»  col   «arprising  that  of  late  years  so  much 


attention  has  been  devoted  to  the  develop- 
ment of  this  ty|»e  of  prime  mover. 

Here  many  of  the  losses  and  inconvenience:! 
int^eparablo  from  the  use  of  boiler  or  separate 
steam  generator  arc  abolished,  the  furnace  it- 
self forms  part  of  the  cylinder,  and  losses  of 
heat  by  radiation  from  boiler  casing,  from 
steam  pipes — and  along  with  fluo  gases  aro 
done  away  with.  The  heat  is  generated  Just 
where  it  is  required,  its  rate  of  generation 
can  bo  exactly  regulated,  and  in  practice  this 
type  of  motor  is  found  to  be  rather  more  eco- 
nomical  and  more  efficient  than  the  steam  en- 
gine or  steam  turbine.  This  is  due  largely  to 
the  fact  that  the  motive  fluid,  being  a  gas  and 
not  a  vapor,  does  not  liquify  on  being  cooled, 
and  that  on  this  account  the  losses  of  heat  due 
to  initial  condensation  in  the  steam  engine 
cylinder,  are  obviated.  The  higher  tempera- 
ture limit  of  the  internal-combustion  engine 
cycle  is  conducive  of  more  efficient  working; 
but  here  again,  a  limit  in  this  direction  la 
early  reached,  due  to  the  impossibility  of  con- 
structing a  reciproi'ating  engine  which  shall 
work  satisfactorily  without  lubrication  and  at 
a  very  high  temperature.  This  necessitates 
water  Jackets,  and  a  consequent  direct  loss  of 
some  3a'.:.  of  the  heat  generated.  Also  the 
motor  suffers  from  the  necessity  for  changing 
reciprocating  Into  circular  motion.  Just  as 
does  the  steam  engine. 

However,  the  balance  of  advantages  per- 
taining to  tho  internal  combustion  motor, 
whether  using  petrol,  paraffin,  alcohol,  or 
gaseous  fuel,  blast  furnace  or  producer  gas, 
is  such  as  to  lead  us  to  expect  that  the  prime 
mover  of  the  immediate  future  will  be  one 
having  Internal  combustion,  without  the  cor- 
resi)ondlng  disadvantages  consistent  with  re- 
ciprocating motion,  and  will  bo  a  machine  of 
the  turbine  typo. 

It  remains  to  consider,  then,  what  must  be 
the  essentials  of  a  satisfactory   motor  of  this 

typo. 

.V  turbine  of  the  Parsons  or  impulse  type 
might  bo  used,  taking  a  charge  of  liquid  or 
gaseous  fuel,  compressing  and  exploding  this, 
using  the  high  pressure  gas  thus  obtain«*d  as 
a  motive  fluid,  the  working  being  impulsive. 
This  method  is  most  unsatisfactory  for  many 
reasons.  The  excessive  temperatures  Involvetl 
inside  the  turbine  casing  would,  as  in  tho  ca>e 
of  the  roriprocailng  engine,  noiossitate  wati>r 
jacket s.  The  great  differences  in  pressure  In 
the  supply  chamber,  due  to  the  explosive  sys- 
tem   of    working,    would    «'fferii\e!y     niilltite 
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against  any  economy  in  working,  and  would 
cause  great  irregularity  of  rotation,  though 
this  might  be  obviated  by  the  use  of  a  reduc- 
ing valve.  This  would,  however,  itself  be  an- 
other cause  of  lnefficienc>'. 

A  second  method  of  working  would  be  to 
have  a  turbine  of  the  Parsons  type,  using  as 
its  motive  fluid  the  products  of  combustion  of 
liquid  or  gaseous  fuel,  burned  under  a  con- 
stant high  pressure  In  a  separate  chamber,  the 
method  of  working  approximating  to  that  of 
a  steam  turbine.  Here,  however,  it  would  be 
necessary  on  account  of  the  high  temperature, 
to  reduce  this  before  entering  the  turbine, 
either  by  cooling  by  water  Jackets,  or  by  pass- 
ing the  gas  thus  formed  through  water,  a  mix- 
ture of  steam  and  gas  then  going  forward  to 
the  turbine. 

The  first  of  these  methods  suffers  from  the 
disadvantage  that  almost  SO^c  of  the  heat  is 
wasted  initially,  while  the  second  has  the  dis- 
advantage that,  while  no  condenser  is  possible, 
the  lower  limit  of  temperature  of  working 
would  be  212"*  F.,  instead  of  40^  or  so  with 
gas  alone,  unless  the  latter  stages  of  the  tur- 
bine were  to  be  waterlogged.  In  addition  the 
cycle  is  irreversible,  and,  thermodynamically, 
the  whole  process  is  very  little  better  than 
that  of  the  ordinary  steam  engine.  The  me- 
chanical difficulties  standing  in  the  way  of  this 
method  of  working  are  considerable,  and  al- 
though many  attempts  have  been  made  to 
overcome  them,  these  have  not  met  with  any 
measure  of  success. 

There  is  still  another  way  of  overcoming 
the  difficulty.  The  gas  may,  as  in  the  previous 
case,  be  produced  at  constant  high  pressure, 
and  may  be  then  led  through  diverging  noz- 
zles before  passing  into  a  turbine  of  the  de 
Laval  type.  The  gas  is  then  expanded  be- 
fore entering  the  turbine,  its  pressure  energy 
is  turned  into  kinetic  energy,  and  what  in  this 
case  is  most  important,  its  temperature  is  so 
reduced  by  the  expansion  thai  on  entering  the 
turbine  the  temperature  is  within  practicable 
working  limit.  The  mechanical  dirticuliios  aro 
not  great,  the  chief  beiiiJi:  that  of  proiluciiii;  a 
constant  supply  of  gas  at  a  pressure  of  say 
300  lbs.  per  sq.  In.  This,  however,  has  been 
overcome.  The  machine  would  bo  ll^ht  aud 
of  simple  construction.  Leiikat;f  in  i!io  t.;:- 
bine  chamber  would  be  immaterial  proJucor 
gas  or  any  liquid  fuel  could  bo  usoJ.  Thoro 
would  be  no  loss  of  heat  by  water  jackocs, 
small  radiation  loss,  and  this  only  from  the 
produce.  Regulation  would  be  easy,  and  the 
whole   system  compact.      In  fact,   the   advan- 


tages are  so  many  and  great,  and  the  disad- 
vantages so  few,  that  it  would  appear  highly 
probable  that  this  type  of  prime  mover  will  be 
the  standard  of  the  not  distant  future. 

But  the  energy  of  chemical  combination 
may  be  utilized  in  still  another  way,  as  in  the 
cake  of  an  ordinary  electromotive  cell,  to  give 
electrical  energy  which  may  be  directly  utiliz- 
able  for  useful  work.  But  for  the  cost  of  suit- 
able materials,  which  makes  this  method  pro- 
hibitive on  any  but  a  small  scale,  this  would 
present  very  many  and  great  advantages  over 
the  usual  cycle  of  operations  with  its  change 
of  chemical  energy  to  heat  energ}-,  heat  en^ 
erg3'  to  mechanical  energy,  and  mechanical 
energ>'  to  electrical  energ^y,  and  its  correspond- 
ing losses  at  each  transformation.  Were  it 
possible  to  use  carbon  as  the  positive  electrode 
of  a  voltaic  cell,  the  consumption  of  this  car- 
bon producing  an  electric  current,  a  much 
greater  proportion  of  its  energ^y  would  be 
turned  into  useful  energy,  and  many  attempts 
have  been  made  to  solve  the  problem,  with 
some  small  amount  of  success.  The  difficul- 
ties arise  from  the  fact  that  while  carbon  in 
the  form  of  coke  is  a  good  conductor  of  elec- 
tricity, yet  it  is  electro-negative  to  all  but  a 
few  elements,  and  thus  the  choice  of  a  suita- 
ble negative  for  the  battery  is  limited.  Also 
carbon  is  insoluble  in  all  ordinary  solutions. 
In  spite  of  this,  at  least  two  methods  of  work- 
ing, those  of  C.  J.  Reed  and  of  Jacques,  have 
overcome  the  difficulties,  although  in  each  of 
these  cases  a  furnace  with  its  accompanying 
consumption  of  fuel  is  necessary. 

In  view  of  the  many  difficulties  to  be  over- 
come— of  the  low  voltage  available  and  of  the 
cumbrous  and  costly  construction  necessary, 
it  is  hi}j:hly  improbable  that  any  solution  of 
the  power  problem  will  ever  be  found  in  this 
direction. 

In  conclusion,  it  would  appear  that  for  the 
present,  at  all  events,  and  for  such  purposes 
as  marine  propulsion,  where  a  highly  concen- 
trated supply  of  energy  is  essential,  for  some 
considerable  time  in  the  future,  the  energy 
la  rout  lu  our  coal  and  petroleum  deposits  will 
bo  that  mOfrt  widely  drawn  upon.  As  this 
supply  bt^viomos  more  and  more  exhausted, 
more  uso  will  havo  to  be  made  of  such  sources 
01  ono rijy  as  avj  provided  by  our  rivers  and 
wav/yij.'S.  ;is  a  supplomoniary  supply.  Finally, 
L'>  rho  i.os'.  ot  Uw\  btH'omos  more  prohibitive 
loi  !  ..»\\0'.-  pv.rDosos.  advautage  will  probably 
bo  vakori.  iii  s-iiiablo  localities,  of  the  energy 
of  I  ho  tides,  ind  also,  in  other  suitable  lo- 
caU'ios.    of    rho    radiant    energy    of    the   sun's 
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rmy.  Ai  the  second  of  these  suppHei  is  avall- 
jible  with  Bufflcient  regularity  only  between 
latttudoA  about  40  degrees  north  and  south  of 
ibe  equator,  and  as  all  heating  for  domestic 
purposes  will  then,  on  account  of  high  fuel 
cost,  probably  have  to  be  done  by  electrical 
means,  there  will,  in  all  probability,  In  course 
o;  time,  be  a  general  moving  of  the  industrial 
centcfT  of  gravity  of  the  earth's  population 
to  a  point  within  these  limits,  where  cli- 
matic conditions  render  artificial  heat  for 
domestic  purposes  to  a  greater  extent  unneces- 
sary. 

The  prime  mover  of  the  future  would  ap- 
pear to  be  In  secular  order,  the  steam  turbine, 
the  Interna  I -combustion  reciprocating  engine, 
using  producer-gas,  and  the  internal-combus- 
tion turbine  of  the  deL^val  or  Curtis  type,  the 
development  of  these  going  on  side  by  side 
with  that  of  the  hydraulic  turbine  of  the  re- 
action or  impulse  type.  Since  the  hydraulic 
turbine,  to  take  advantage  of  tidal  power,  will 
have  to  work  under  variable  and  generally 
under  low  heads,  the  axial  flow  or  Jonval  type, 
on  account  of  its  general  suitability  for  this 
method  of  working,  will  probably  become 
more  and  more  the  standard  type.  Finally, 
MM  solar  energy  becomes  more  and  more  utl- 
llxed,  the  steam  turbine,  certainly  of  the  im- 
palse  t>pe.  will  once  again  take  the  place  of 
the   now    almost   defunct    Internal-combustion 


engine  or  turbine.  In  every  rate  the  energy 
will  in  general  be  transformed  and  tram* 
ferred  or  stored  elect rlially  until  needed,  and 
the  success  or  otherwise  of  any  future  energy 
plant  will,  to  a  large  extent,  depend  on  the 
manner  In  which  the  transformation  and 
transnilHslou  over  long  distances  of  high  ten- 
sion electricity  becomes  efficiently  and  easily 
possible. 

For  such  purposes  as  marine  propulsion 
and  for  aerial  navigation,  where  a  highly  con- 
centrated source  of  energy  is  required,  putting 
aside  the  Immense  possibilities  of  radium  or 
some  such  compound  as  a  potential  supply,  It 
would  appear  that  the  internal-combustion 
turbine,  having  alcohol  ns  its  fuel,  will  finally 
become  the  standard  motor. 

The  difflculties  to  be  overcome  before  this 
is  accomplished,  are  very  small,  the  alcohol 
motor  is  a  commercial  success,  and  it  only  re- 
mains for  the  high  cost  to  drive  natural  fuel 
from  the  field,  for  the  alcohol  motor  to  be 
used  for  this  class  of  work. 

One  fact  is  certain,  that  in  the  future  the 
engineer,  using  the  term  in  its  widest  sense, 
will  become  increasingly  more  and  more  es- 
sential to  the  social  progress  of  the  universe, 
and  that  on  his  labors  and  inventiveness, 
more  than  on  that  of  any  other  class  of  so- 
ciety, will  depend  the  ultimate  physical  well 
being  of  mankind. 
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CO.VDE.VSKD    FROM    ••WATERPROOKI.N'G.  *   FOR    JILY 


The  problem  of  how  to  protect  structures 
from  dampness  Is  one  whose  solution  was  at- 
tempted In  the  remote  ages  of  antiquity.  The 
time-honored  tradition  of  Noah's  efforts  to  wa- 
terproof the  ark  with  pitch  Is  an  evidence  that 
the  Patriarchs  of  old  were  no  less  averse  to 
leaky  habitations  t&an  are  their  more  sophis- 
ticated descendants  of  to-day.  Therefore,  we 
have  reason  to  believe  that  since  the  world 
was  In  Its  youth,  there  ban  been  an  umeislng 
struggle  against  the  Invasion  of  water  into 
plaiea  designed  for  human  habitation. 

It  remained,  however,  for  ret^ent  years  10 
vliness  the  development  of  structural  wat«T- 
prouflng  from  a  mere  makeshift  to  lis  prober 
p!are  and  station  as  a  leading  industry.  (On- 
trolled  to  a  large  extent  by  scientific  princi- 


ples, governed  largely  by  scientific  laws.  The 
evolution  was  not  arcomplished  without  difll- 
culty:  there  were  many  obstacles  to  encounter 
and  prejudices  to  overcome,  and  waterproof- 
ing engineering  may  be  considered  the  latest 
specialization  of  the  engineering  profession. 

ADVANTAGES    OF    WATERPROOFING   CON- 

STRfCTlON. 

.-Vniong  tho  many  advantages  to  be  obtained 
from  waterprooflug  structures  may  lie  men- 
tluiieJ: 

1.  vVn  Incrt'aM'  in  thi'  safety,  life  and  healthy 
appearance  of  the  building  or  structure. 

'2.  The  pre  V  en  (Ion  of  dampness,  (conducing 
(o  more  whuleHonit*  condl lions  and  greater 
runifort  to  the  ocrupanis. 
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3.  The  prevention  of  disfigurement  to  the 
exterior  walls  and  interior  decorations  due  to 
staining  and  efflorescence  or  other  Injurious 
action  of  water. 

1 

4.  The  dispensing  with  air  spaces  in  build- 
ings and  with  the  necessity  for  furring  an4 
lathing,  thus  making  possible,  in  many  cases, 
a  decrease  in  the  actual  cost.  The  elimina- 
tion of  air  spaces  in  the  walls  removes  what 
Is  a  prolific  breeding  place  for  insects,  creat- 
ing an  offensive  condition,  difficult  to  combat 
in  even  the  best-kept  houses. 

WHERE    WATERPROOFING    MAY    BE    AD- 
VANTAGEOUSLY  EMPLOYED. 

1.  In  the  foundations  of  buildings  extend- 
ing below  the  ground-water  level,  to  keep  the 
basements  free  from  ground  water. 

2.  In  building  foundations  not  below  ground 
level  to  prevent  the  absorption  of  ground- 
water and  ground-air  by  the  foundation  walls, 
causing  dampness  in  the  building. 

3.  On  exterior  walls  of  buildings  to  afford 
some  protection  from  the  elements  against  de- 
facement by  efflorescence  and  against  damp- 
ness. 

4.  On  interior  walls  when  used  in  conjunc- 
tion with  the  exterior  coat  to  dispense  with 
furring  and  lathing,  or  in  conjunction  with 
the  latter.  Plaster  may  be  applied  directly  to 
the  inner  waterproof  coat,  if  the  work  is  prop- 
erly done  and  proper  materials  are  used. 

5.  For  buildings  of  a  public  character,  and 
others  which  are  designed  to  endure,  the  stone 
used,  especially  if  not  weatherproof  In  <:har- 
acter  or  if  susceptible  to  decaying  influences, 
may  be  subjected  to  a  protective  process,  and 
the  mortar  may  likewise  be  treated,  provided, 
however,  that  the  strength  and  binding  qual- 
ity of  the  stone  and  mortar  and  the  setting 
of  the  latter  are  not  interfered  with. 

6.  On  structures  which  already  show  signs 
of  decay,  this  decay  may  be  partially  arrested 
by  a  suitable  waterproof  application. 

7.  Concrete  blocks  and  structures  built  of 
concrete,  owing  to  their  great  affinity  for 
water,  should  particularly  be  subjected  to  a 
waterproofing  process. 

8.  In  tunnels  intended  for  public  travel, 
water  and  dampness  must  be  completely  ex- 
cluded. This  becomes  more  difficult  as  the 
hydrostatic  pressure  is  increased. 

9.  In  structures  intended  to  retain  water 
such  as  reservoirs,  standplpes.  swimming 
pools,  etc.,  the  lining  must  be  water-tight,  or 
the  structure  will  not  fulfill  Its  mission  prop- 
erlv.     Percolation  into  reservoirs  and  conduits 


from  sewers  or  contaminated  water  sources 
must  also  be  guarded  against. 

10.  While  the  protection  of  structural  metal 
from  corrosion  is,  perhaps,  a  separate  branch 
of  the  problem,  the  essential  qualities  of  pro- 
tective material  for  this  purpose  are  quite  the 
same  as  for  those  intended  for  masonry. 

There  are,  unquestionably,  other  conditions 
under  which  waterproofing  can  be  made  a  sub- 
stantial aid  in  structural  completeness,  but 
these  are  sufficient  to  Indicate  the  broad  field 
open  to  the  engineer  and  manufacturer. 

ESSENTIAL    PROPERTIES    OF   THE    IDEAL 
WATERPROOFING  MATERIAL. 

1.  The  material  should  have  no  affinity  for 
water.  It  should  be  a  water  shedder  or  •*Con- 
tra  hydra." 

2.  It  should  have  a  strong  affinity  for  the 
material  to  which  it  is  applied. 

3.  It  should  be  non-porous  and  impermea- 
ble under  all  pressures. 

4.  It  should  be  strong  enough  to  bear  pres- 
sure without  breaking  or  cracking. 

5.  The  bond  between  it  and  the  protected 
material  must  be  strong  enough  to  resist  any 
separating  influences. 

6.  No  water  or  gases  should  be  able  to  find 
their  way  between  the  waterproofing  and  the 
masonry. 

7.  It  should  be  elastic,  so  that  it  may  ex- 
pand and  contract  without  suffering  injury. 

8.  It  should  expand  and  contract  at  the 
same  rate  as  the  masonry,  so  as  not  to  sepa- 
rate therefrom. 

9.  It  should  have  a  high  melting  and  a  low 
freezing  point,  so  that  it  may  be  unaffected  by 
extreme  changes  in  temperature. 

10.  It  should  be  a  poor  conductor  of  heat. 

11.  It  should  withstand  settlement,  shock, 
jar  or  vibration,  and  these  should  have  no 
power  to  separate  it  from  the  masonry. 

12.  It  should  not  be  abraded  by  atmos- 
pheric dust,  wind  or  water  when  used  upon 
exposed  surfaces. 

13.  It  must  be  proof  against  chamical  ac- 
tion due  to  atmospheric  or  to  underground 
conditions. 

14.  It  must  be  insoluble. 

15.  It  must  not  decompose  or  dlsiute.?rate. 

16.  It  must  have  no  injurious  effect  >n  the 
strength  or  bonding  quality  of  the  stcne  or 
masonry  to  which  it  is  applied. 

17.  It  must  not  interfere  with  the  siting 
of  the  mortar. 

18.  It  should  be  uninjured  by  standing  wa- 
ter, escaping  gases,  etc. 
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19.  It  FhouM  not  discolor  the  surface  to 
vhlch  It  U  applied  when  this  is  unieslrable. 

20.  It  should  be  cheap,  easy  to  apply,  and 
operative  with   unskilled   labor. 

A  perfect  material  possessing  all  the  essen- 
tial qualities  above  mentioned  cannot  proba- 
bly t»e  found,  but  that  which  comes  nearest 
to  the  ideal  in  the  most  important  require- 
ments should  prove  the  best  and  most  eco- 
nomical one  to  use  under  the  particular  con- 
ditions present  in  any  given  case. 

PRECAUTIONS   TO    BE  TAKEN    FOR   GOOD 

WORK. 

There  are  a  number  of  practical  points 
vhich  If  kept  in  mind  when  conducting  wa- 
terproofing work  would  avert  many  costly  mis- 
takes. Among  the  more  important  ones  may 
b«  mentioned  the  following: 

1.  The  structure  should  be  designed  so  that 
It  may  properly  receive  waterproofing. 

2.  A  head  of  water  which  has  developed 
or  is  likely  to  develop,  should  be  provided  for 
by  a  well-arranged  drainage  system. 

3.  Only  such  materials  should  be  used  as 
are  suited  to  the  actual  conditions.  Tne  suc- 
cess resulting  from  certain  methods  and  ma- 
terials used  elsewhere  is  not  always  to  be  con- 
sidered a  criterion.  Each  individual  case  de- 
manda  Its  special  application,  at  to  materials 
and  methods. 

4.  The  surfaces  to  be  treated  should  first 
Np  freed  from  voids  or  irregularities  that 
might  Interfere  with  the  efficiency  of  the  work. 

5.  Sufficient  working  room  should  l;e  pro- 
Tided  for  the  proper  execution  of  the  Job. 
Cramping  and  crowding  for  space  is  not  con- 
ducive to  the  execution  of  satisfactory  work 
by  a  roan  wielding  a  long  brush. 

€.  The  waterproofing  should  be  protected 
during  and  after  the  application,  it  frequently 


happens  that  waterproofing  films  are  punc- 
tured through  carelessness  on  the  part  of 
workmen  or  others,  and  the  mischief  thus  done 
is  only  discovered  after  the  structure  is  com- 
pleted, when  it  can  be  repaired  only  at  the 
cost  of  considerable  money,  besides  lots  of 
time,  serious  inconvenience  and  delays,  and 
often  friction  and  ill-feeling  on  the  part  of 
the  various  contractors. 

7.  The  work  should  be  continuous  through- 
out and  contain  no  weak  spots.  Water  is  an 
unfailing  discoverer  of  such  places. 

8.  The  work  should  not  be  done  In  ex- 
tremely cold  weather.  The  limit  may  be  con- 
sidered as  20**  F.  Better  results  can  be  ob- 
tained by  waterproofing  when  the  weather  la 
warm.  The  materials  used  in  waterproofing 
are.  necessarily,  sensitive  to  chilly  tempera- 
tures, and  the  properties  which  make  for  effi- 
ciency in  this  particular  work  are  more  or 
less  affected  by  freezing  weather.  For  In- 
stance, the  application  of  hot  bitumen-cement 
to  an  ice-cold  wall  will  produce  a  sudden  chill, 
and  this  goes  far  to  destroy  the  coheilvenest 
of  the  felt  layers. 

9.  Careful  and  conscientious,  if  not  skilled, 
labor  should  be  employed  in  waterproofing. 
Above  all.  the  work  should  be  always  sub- 
jected to  rigid  insi>ection  by  a  competent  en- 
gineer, whose  responsibility  will  be  to  see  that 
thohe  defects  which  can  only  be  corrected  at 
great  expense  later  on  shall  be  studiously 
averted. 

10.  In  general,  each  waterproofing  problem 
presents  features  i>eculiar  to  itself,  depending 
on  locality.  servii*e.  climate  and  surroundings. 
Each  problem  must  be  studied  and  developed 
by  itself,  to  secure  the  best  and  most  enduring 
results.  The  supervision  must  be  thorough, 
so  that  the  designer's  intention  will  not  be 
thwarted  by  careless  execution. 


ELECTRONS  AND  THEIR  PROPERTIES* 

By  SAMUEL  SHELDON.  Ph.  D. 


Eleitrons.  which  are  called  corpuscles  by 
some  physicists,  are  the  smallest  particles  3f 
niattvr  that  bare  been  isolated.  They  aro 
considered  by  some  to  be  constituted  of  ether. 
Th«^lr  shape  Is  unknown,  but  it  is  frequen:ly 

•From  PrrtldmtUI  Addma  st  lb*  NUgarB  Pallt  Con- 
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assumed  as  spherical.  At  ordinary  velocities 
th(*  ma»fi  of  an  eloi^ron  is  6.3  10.28  grammes; 
at  rest,  its  mass  may  be  zero;  and  at  velocities 
npproachin«  clot-ely  to  that  of  light  it  becomes 
ntsirly  infinite.  Each  electron  carries  an  In- 
variable negative  eletric  charge  of  1.1  10-19 
[     e]   coulombs.         1.1    10-20    [^e«l   electro- 
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magnetic  units,  =  S.4  10-10  [=  e.]  electro- 
felatic  units.  Some  writers  use  the  terms  to 
designate  as  well  particles  carrying  positive 
charges  and  having  other  properties.  Such 
use  is  not  common  nor  desirable. 

Electrons  in  a  free  condition  are  present  in 
metallic  conductors,  in  gases,  especially  at  low 
pressures,  and  to  a  limited  degree  in  ordinary 
solid  dielectrics.  They  are  not  present  in  free 
ether  or  space.  Combined  with  other  elec- 
trons and  with  an  unknown  something  or 
condition  that  gives  under  certain  conditions 
evidences  of  positive  electrification,  electrons 
are  present  in  all  matter.  Their  properties 
are  in  nowise  dependent  upon  the  properties 
of  the  matter  with  which  they  are  associated, 
and  they  are  considered  to  be  indestructible 
by  any  agent  within  the  command  of  man. 
Every  electron  is  in  some  manner  entangled 
with  the  luminiferous  ether. 

The  ether  is  a  fluid  plenum  or  continuum, 
endowed  with  the  properties  of  inertia  and  ro- 
tational elasticity,  and  is  the  medium  through 
which  all  forces  are  exerted.  It  fills  all  space 
between  electrons  and  the  bounds  of  the  uni- 
verse; it  is  supposed  by  some  to  penetrate  the 
electrons,  and  remains  stagnant  during  the 
passage  of  electrons  through  it. 

Each  electron,  when  isolated  and  at  rest, 
produces  at  every  point  in  the  ether  an  ele- 
mentary electrostatic  field,  corresponding  in 
direction  and  intensity  to  its  charge.  All 
electrostatic  fields  are  due  to  the  resultant 
superpositions  of  such  elementary  fields. 

The  Ion. — An  important  part  is  played  in 
the  phenomena  of  electrophysics  by  atomic  ag- 
gregates of  electrons  that  exhibit  an  external 
electrical  field.  When  an  aggregate  or  sys- 
tem of  aggregates  with  an  excess  of  positive 
or  negative  electrification  is  subjected  to  the 
Infiuence  of  an  auxiliary  electric  field  it  tends 
to  move  in  the  same  or  opposite  direction  to 
that  of  the  lines  of  force  of  this  auxiliary  field, 
according  to  the  sign  of  its  excess  of  electri- 
fication. It  may  then  be  termed  an  ion,  posi- 
tive or  negative,  according  to  the  sign  of  its 
excess  of  electrification. 

Negative  ions  may  or  may  not  be  associated 
with  ordinary  matter.  Positive  Ions  are  al- 
ways found  associated  with  it. 

Free  electrons  exist  in  gases  at  pressures 
under  10  millimeters  of  mercury,  especially 
when  subjected  to  ionizing  agencies:  in  con- 
ducting solids:  in  the  jS  rays  from  radium, 
and  in  conducting  fiames. 

Clusters  (in  some  cases  roughly  estimated 
as  containing  30  molecules)   exist  in  all  con- 


ducting gases  under  pressures  greater  than  10* 
millimeters  of  mercury;  sometimes  in  gases, 
at  lower  pressures,  and  possibly  in  liquids  and 
solids. 

Electronized  or  de-electronized  atoms,  or 
both,  exist  in  all  conducting  gases  at  all  pres- 
sures; both  exist  in  liquid  electrolytes;  in 
solid  conductors,  and  possibly  in  solid  die- 
lectrics. 

Metallic  Conduction  of  Electricity. — Investi- 
gations concerning  the  nature  of  the  process, 
of  electric  conduction  in  metals  have  led  to 
the  conclusion  that  in  the  metals  are  to  be 
found  molecules  and  atoms  of  the  metallic  ele- 
ment, positive  ions  and  free  electrons.  The 
molecules  and  atoms  are  not  free  to  migrate 
from  one  part  of  the  metal  to  another,  but 
have  a  limited  freedom  of  movement  about 
a  mean  position.  The  electrons  are  not  con- 
strained to  any  particular  part  of  the  metal,, 
but  are  free  to  move  from  one  part  to  another,, 
such  movement  being  accompanied  by  colli- 
sions and  changes  in  the  direction  of  move- 
ment, in  a  manner  similar  to  that  accompany- 
ing the  movement  of  molecules  in  a  gas,  con- 
sidered from  the  standpoint  of  the  kinetic 
theory  of  gases.  The  positive  Ions  have  teen 
supposed  by  some  to  change  their  positions^ 
by  others  not.  The  number  of  free  electrons 
per  cubic  centimeter  of  metal  is  very  large, 
being  of  the  order  of  a  billion  billions.  The 
mean  free  path  of  an  electron  scarcely  exceeds 
one-millionth  of  a  centimeter  in  any  case. 
The  number  per  cubic  centimeter  and  the 
length  of  free  path  is  different  with  different 
metals.  In  an  ordinary  metal  at  a  uniform 
absolute  temperature  of  T  degrees  all  the  par- 
ticles of  the  metal  are  in  motion,  collisions 
are  constantly  occurring  and  the  directions  of 
the  motion  are  such  as  result  from  chance. 
According  to  the  doctrine  of  equipartitlon  of 
energy  the  mean  kinetic  energies  of  the  mole- 
cules of  the  atoms,  of  the  positive  ions  and  of 
the  electrons  are  equal  to  each  other  and  de- 
pendent upon  the  absolute  temperature.  In- 
asmuch as  the  masses  of  the  electrons  are 
much  smaller  than  those  of  the  other  par- 
ticles, the  velocities  of  the  electrons  must  be 
much   >:;reater. 

Solid  Dielectrics. — Solid  dielectrics  probab- 
ly contain  some  free  electrons,  although  the 
nunib(M'  per  uuit  volume  is  small  compared 
with  that  in  metals.  To  free  electrons  is  due 
the  conductivity  of  solid  insulators  that  remain 
after  surface  leakage  has  been  prevented. 
Free  atomic  ions  are  probably  absent,  since 
conditions  through  their  mediation  would 
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■  lit  In  a  traiiHport  of  mutter  with  aiconipany- 
int:  ilifftTt'iK'vH  in  the  chemical  and  physical 
( har:ii  t«*r  of  the  Hurfacv  layers  of  the  dleh'C- 
trii  when  k«*pt  between  conductors  hu\in/;  a 
liiuin'auifd  diffiTente  of  potential. 

Uuniii)t*.-Cf'ni'«'.-  At  all  teniperatuies  above 
aSM^hitt*  zeru  all  bodios  radiate  enerRy.  If 
the  n.itiirt'  of  the  body  be  not  changed  by  this 
radlaiioii.  that  i>.  if  it  continues  to  radlHtc  in 
tbt  fame  manner,  as  Iouk  as  its  temi>eraiure 
U  maintained  constant  by  the  ad  tilio.i  of 
beat,  the  process  is  termed  pure  tempera- 
ture radiation.  If.  on  the  other  hand,  the 
body  chaiiKe»  l>ecause  of  the  radiation  and 
dot's  Dot  continue  indefinitely  to  yield  tne 
same  radiation,  although  its  temperature  is 
k<rpt  constant,  the  process  is  termed  lumine.i- 
cence.  The  cause  of  some  of  the  radiation 
In  the  latter  case  does  not  lie  in  the  tempera- 
ture of  the  system,  but  in  some  other  sour,  e 
oC  energy.  According  as  the  extra  8upplie«L 
energy  accompanies  either  chemiial  transfor- 
mntlons.  exposure  to  light,  or  the  pusiiage  of 
electric  currents,  the  processes  are  respect i\ely 
termed  chemico.  photo  and  electro-lumines- 
cence. The  total  radiation  from  a  body  of 
this  class  is  made  up  of  two  parts — that  due 
to  its  temperature  and  that  due  to  the  extra 
energy.  If  the  Intensity  of  radiation  of  a 
body  within  any  region  of  wave-lengths  is 
greater  than  that  of  a  black  body  at  the  pame 
temperature,  luminescence  must  be  present. 
This  Is  frequently  taken  as  a  criterion  for  the 
detection  of  luminesi'ence.  The  frequencies 
oC  luminescent  radiations  are  more  or  less  re- 
al ricted,  being  often  evidenced  by  bright-line 
spectral  distributions.  The  electrons  which 
yield  these  radiations  are  supposed  to  vibrate 
harmonically  under  conditions  that  are  not 
yet  understood.  That  their  movements  are 
not  governed  simply  by  chance  seems  to  fol- 
low from  the  character  of  the  spectra.  A!- 
Lhoagh  change  in  the  character  of  the  mate- 
rial as  a  consequence  of  its  yielding  lumines- 
cent radiation  may  not  be  capable  of  detec- 
tion by  chemical  analysis,  yet  the  atomic  and 
molecular  systems  are  nevertheless  doubtletrs 
undergoing  constant  changes,  due  to  the  lo.^-s 
or  gain  of  electrons.  The  entrance  of  an 
electron  Into  a  system,  or  its  ejection,  must. 
without  doubt,  occasion  complex  harmonic 
disturbances  of  many  or  all  the  electrons  in 
tb»  system. 

If  luminescent  radiation  be  confined  chiefly 
vo   wave-lengths  of   the   visible   spectrum    the 


huiiinouH  efhcicncy  ot  the  Ixuiy  Lecon.e.4  high. 
Herein  rests  the  eronomic  HlKnlfican<e  of  the 
efforts  beiuK  made  to  advance  the  art  of  light- 
ing by  means  of  vacuum  tube  and  fiami.ig  arc 
lani|)s. 

A  very  interesting  example  of  luniinescent 
radiation  is  that  which  is  yieldel  by  photo- 
genic bacteria,  which  are  frequently  found  In 
sea -water  and  upon  meats  and  fisii  that  have 
be«'n  directly  or  indirectly  infected  by  sea- 
water.  They  are  the  .*^ources  of  11  ^ht  kuown 
as  (he  phosphorescence  of  the  se.i.  i^ome 
cases  of  phosphorescence  in  animals  and  In 
plants  are  explained  as  an  infection  vtith 
them.  Gorham  has  shown  that  the  light 
which  they  give  is  the  result  of  chemical 
transformations  acconi|)anying  metabolism  In- 
side the  cells  of  their  bodies.  When  fed  with 
substances  such  as  asparagin  or  glycocoll  they 
are  able  to  grow  and  reproduce  but  not  to 
give  light.  In  Gorham 's  summary  occurs  the 
lol  lowing: 

"We  therefore  conclude  that  for  light  pro- 
duction there  must  be  present,  over  and  above 
the  requirements  for  growth,  the  oxygen  of 
the  air,  sodium  or  magnesium,  and  certain 
organic  acids  derived  from  the  decomposition 
of  the  carbon  and  nitrogen  constituent  of  the 
food. 

"The  chemical  energy  resulting  from  the 
union  of  the  sodium  or  magnesium  with  these 
organic  adds,  in  the  presence  of  oxygen,  or 
from  the  tatter  combustion  of  the  products 
of  that  union,  is  set  free  in  the  form  of 
light." 

The  brightness  of  these  bacteria  considered 
as  sources  of  light  is  very  small.  IxMle's 
measurements  show  an  intensity  of  emission 
of  0.00069  candle  per  square  meter.  This  Is 
too  small  to  stimulate  the  color  sense.  The 
bacillus  lucifer  of  Molisch,  however.  Is  much 
brighter,  gives  a  continuous  spectrum  in  the 
green,  blue  and  violet,  and  is  able  to  stimu- 
late the  color  sensie. 

Conclusion. — Although  much  is  known  con- 
cerning the  size  and  mass  of  the  electron,  its 
electric  and  magnetic  effects  when  in  motion, 
and  its  radiation  effects  during  acceleration, 
little  more  is  known  concerning  its  structure 
than  that  it  is  the  intrinsic  strain-form  alone 
that  constitutes  the  electron;  and  it  is  a  fun- 
damental postulate  that  the  form  can  move 
from  one  portion  to  another  of  the  stagnant 
«iher  somewhat  after  the  manner  that  a  knot 
c;in   slip  along   a  i*ord. 
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Water  chemically  pure  is  a  colorless,  taste- 
less, odorless  fluid;  but  in  combination  with 
other  forms  of  matter  it  acquires  each  and  all 
of  these  characteristics!  Similarly  it  has  been 
asserted  by  scientific  authorities  that  metals 
free  from  alloys  are  odorless.  In  combina- 
tion with  other  metals  they  frequently  develop 
a  strongly  marked  and  sometimes  a  disagree- 
able smell,  as  in  the  case  of  copper  alloys. 
Still  the  major  premise  was  declared  to  hold 
until  recently,  w^hen,  according  to  report,  as 
the  result  of  exhaustive  experiment,  it  has 
been  established  that  all  metals  have  their 
distinctive  odors,  which  under  set  circum- 
stances can  be  very  perceptibly  demonstrated. 
The  proponent  of  the  new  theory  is  Herr  Karl 
Gruhn,  a  Berlin  metallurgical  chemist  and 
mineralogist,  who  has  devoted  much  time  and 
attention  to  the  elucidation  of  his  subject,  and 
claims  to  have  fully  ascertained  the  origin 
and  characteristics  of  the  metallic  odors.  As 
a  primary  result  of  his  experiments  he  asserts 
that  even  in  its  normal  state  each  of  the 
metals  has  its  distinctive  emanation,  which  is, 
however,  so  faintly  perceptible  as  to  have  in- 
duced the  assertion  respecting  its  non-exii-t- 
ence.  This  effluxion  increases  with  the  in- 
crease of  temperature  to  a  remarkable  degree, 
and  the  rule  applies  equally  to  the  royal  as  td 
the  industrial  metals.  It  is,  however,  most 
noticeable  in  connection  with  the  latter,  tin, 
copper,  zinc,  lead,  and  iron  furnishing  similar 
evidences  of  its  application:  and  the  odor  is 
not  at  all  affected  by  the  oxidizing  of  tho 
metal.  '  Herr  Gruhn  found  that  each  and  all 
of  the  metals  named  when  subjected  to  a  high 
and  sustained  temperature  gives  out  its  odor 
in  fullest  strength  after  about  an  hour's  treat- 
ment, but  it  then  decreases,  even  when  the 
temperature  is  still  sustained,  till  the  smell 
becomes   as   faint   as   before  the   temperature 


was  raised.  Then  when  the  heat  is  withdrawn 
and  the  metal  is  allowed  to  cool,  all  trace  of 
the  odor  disappears,  as  if  it  had  been  utterly 
driven  off.  An  immediate  return  to  high  tem- 
perature re-develops  the  smell  in  only  a 
faintly  perceptible  degree,  but  if  a  few  hours 
are  allowed  to  elapse  before  the  metal  is  again 
heated  it  repeats  in  full  strength  all  the  phe- 
nomena attending  the  first  test.  It  appears 
to  have  recovered  from  the  exhaustion  of  its 
emanation  and  to  have  re-charged  itself  with 
the  agents  producing  the  odor.  From  these 
facts  and  the  other  data  collected,  Herr 
Gruhn  arrives  at  a  conclusion  which  chal- 
lenges another  commonly  accepted  belief.  He 
disputes  the  theory  that  smells  in  their  infinite 
variety  are  all  produced  by  the  effect  upon 
the  olfactory  nerves  of  volatilized  atoms  from 
the  efPluxing  substance  which  mix  with  the 
atmosphere,  and  so  excite  the  sense.  He  says 
this  is  most  decidedly  not  so  in  the  case  of 
metallic  odors,  which  he  affirms  to  be  a  prop- 
erty stored  up  by  the  substance  and  retained 
in  a  state  almost  quiescent  till  under  the  heat 
stimulus  it  is  given  off  as  are  the  radio-active 
properties  of  other  minerals,  and  that  as  in 
the  case  of  radium  the  emanations  are  unac- 
companied by  chemical  change  or  loss  of 
weight.  The  difference  is  that  in  the  case  of  the 
odor  there  is  an  exhaust  which  is  repaired  by 
re-absorption,  which  in  its  turn  is  unaccompa- 
nied by  chemical  change  or  increase  of  weight. 
This  relation  to  the  radio-actlVe  properties  of 
the  uranian  group  and  other  allied  minerals 
is  indeed  the  asserted  fact  upon  which  Herr 
Gruhn  lays  chiefest  stress,  for  he  claims  to 
have  separated  and  isolated  a  metallic  odor, 
and  to  have  found  that  in  its  manifesta- 
tions it  establishes  a  strong  affinity  to  tho 
radio-active    emanations   of    the    rarer   miner- 
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THE  LARGEST  LOCOMOTIVE  IN  THE 

WORLD 


MALLET  ARTICULATED  COMPOUND  LOCOMOTIVE.  0-8-8-0  TYPE. 

ERIE   RAILROAD 

FItiiM    ■AMKKK'AN    KNCJINKKK    ANU    RAII.KnAI»  JulKNAL   ■• 


All  TMords  of  woit:tit.  Edzt*  and  power  of 
loiomotivos  have  bi'vn  broki-n  liv  tin*  loiuple- 
ii*»n  ai  the  St'htMieriady  \V<»rks.  of  the  Ameri- 
lan  1.0(oniotlve  Company,  of  the  first  of  an 
uriitT  of  three  pushinK:  loconioiives  for  the 
C'le  Hall  road.  Thei^e  loroniotives  wei^h  4oi».- 
v«»i»  \b»..  all  of  whirl)  r<»nies  on  tiie  ei>;ht 
P^itb  of  drivers.  Thi-y  havt-  a  holler  nie.isur- 
)L.»:  "« I  iu.  oiititide  dianiei«*r  at  ilii'  front  end, 
(i^ntaiuinK  2I-ft.  tubes  and  a  l-!t.  innihusiion 
c^uiulf**r  and  a  firebox  with  1<hi  sq.  it.  of  ^rate 
^u^fa<••^  in  which  soft  «oal  will  be  burned. 
T!ie  Tractive  eff«>ri  opera (Iuk  a>  a  compound 
;*  IM.'^MO  Ibrt.  The  loconiotivi*  and  tender 
tL.i-af(ure  nearly  v5  ft.  in  b*n^ih.  ovfr  all.  It 
If  D*^arly  13 'j  fi.  in  heitsht  and  has  a  width  oi 
1 1  f!    at  the  low  pre.ssure  cylinders.  • 

Ihv  first  loeomotlve  of  thlH  type  to  be  bulli 
:&  thifs  country  was  constructed  a  little  over 
itret^  >ear8  aieo  by  the  same  company  f^ir  tn** 
Uaitiniore  &  Ohio  Railroad.  At  tliat  linio  the 
•lv»iirD  was  looked  upon  with  considerable 
*;)>plrion  by  many  railroad  men.  ilowe\er. 
a'ter  bolDR  exhibited  at  the  St.  Louis  Hxpo- 
»i:lun  the  locomotive  was  put  into  pushing 
^•r«i(-«  on  the  mountains  and  within  a  com- 
pirattvely  khort  time  proved  to  be  a  compb'te 
»>iccc«a  In  every  respect.  The  pn-seni  locomo* 
t;Te,  while  exceeding  the  Haltimon'  Ac  Ohio 
t-i-irln^  by  60. "uu  lbs.  in  wei^rht  and  nearly 
: 4. •Mill  lbs.  in  tractive  effort,  is  of  practically 
!tv  tame  doalpn  in  all  of  its  essential  details. 
Two  other  desl^na  of  the  wime  type  have  been 
trnuicbt  out  In  this  country,  both  lieini;  for 
*.h4-  Great  Northern  Railroad,  one  designed 
for  punhlng  service  and  the  other  for  regular 
r'.ad  service.  They  were  built  by  the  Baldwin 
UtromotlTe  Works.  These  engines,  however. 
d'.H^T  from  the  two  designs  Just  mentioned  in 
taiinpc  two-wheeled  trucks,  front  and  rear. 
iLAkin«  iheni  of  the  2-C-6-2  type.  While  they 
ta«e    been    In   senice    a   comparatively    t^hort 
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time  the  evidence  is  suindent  to  show  that 
they  will  be  successful  for  the  service  In- 
tended. Hence,  while  the  Erie  engine  is  of 
a  weight  and  size  whi^li  a  short  time  ago 
would  have  been  cousidfrcd  practically  Im- 
possible for  a  locomotive,  it  cannot  really  be 
looked  upon  as  experimental,  anil  all  indica- 
tions are  favorable  to  its  succ<*>:^rul  operation. 
They  will  be  use*!  in  pushing  s»'rvb«*  between 
Susquehanna  and  Gulf  Summit,  when'  the  rul- 
ing grade  is  1.:;  ,,  A  tractive  ffftirt  of  nearly 
l«0.iMM»  iiis.  should  1m>  capabb'  of  handling 
about  iVi'inn  tons.  e\rlusi\e  of  iht*  locomotive, 
on  this  grade. 

The  term.  Mallet  compound,  appllfs  only  to 
the  urrang«-ment  of  th(>  cylinders  and  driving 
whi.*t>ls  with  separate  sets  of  frames  connected 
thntugh  a  hinged  joint,  and  dot>s  not  include 
any  particular  design  of  compound  as  con- 
cerns the  distribution  of  steam.  The  Krie 
locomotiv«'s  and  also  the  on**  on  the  Haiti- 
more  &  Ohio,  are  coinpound*Ml  on  the  Mellln 
system,  which  employs  an  automatic  inter- 
(({itim:  and  rvdunni;  valve  for  admitting  live 
si  earn  at  a  rediui'*!  pressure  to  the  low 
p!-e.<^sure  cylind«'rs  in  startini;.  and  for  increas- 
in?;  th«*  i)re>s\ire  in  those  cylinders  at  any 
other  desired  time.  The  lo«omotivea  on  the 
(;reai  Northern  Uuilway  are  designed  with  a 
plain  system  of  oriiss-compounding  without  in- 
tercepting valves  or  other  automatic  arrange- 
ments, having,  however,  a  small  pipe  connec- 
tion from  the  boiler  to  the  receiver  pli»e.  by 
means  of  which  live  steam  can  be  admitted  at 
the  discretion  of  tiie  engineer. 

in  spite  of  the  fact  that  this  U>comotlvc 
weiirhs  4iii«.tMM»  n>s.  It  has  a  weight  per  driv- 
ing axle  vhioh  is  less  than  many  large  freight 
locomotives  now  in  service  and  less  than  any 
previous  Mallet  comftound  lcH*omotive.  except 
the  ones  for  road  service  on  the  Great  North- 
ern Railway.  One  of  the  features  of  greatest 
advantage  oT  the  Mallet  type  Is  that  an  enor- 
mous amount  of  power  can  be  it*utered  la  one 
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machine  which  will  be  capable  of  operating 
over  the  same  tracl^  that  other  heavy  freight 
locomotives  use. 

The  boiler  is  of  the  radial  stay  type  with 
conical  connection  sheet,  the  inside  diameter 
of  the  first  ring  being  82  in.  and  that  of  the 
largest  course  being  96  in.  The  heaviest  ring  of 
the  shell  is  1  3-16  in.  thick.  A  steam  pressure 
of  215  lbs.  is  carried.  The  tubes,  of  which  there 
are  404,  are  21  ft.  long  and  are  2^  in.  in 
diameter.  This  length  of  tube^  taken  in  con- 
nection with  the  4-ft.  combustion  chamber, 
places  the  front  tube  sheet  25  ft.  from  the  fire- 
box, a  figure  which  has  never  before  been 
equaled  in  locomotive  service.  The  combus- 
tion chamber  itself  is  radially  stayed  from  the 
shell  of  the  boiler,  and  is  provided  with  ample 
water  space  on  all  sides.  The  mud  ring  is  5 
in.  in  width  at  all  points,  and  the  crown  sheet 
has  a  slope  of  5  in.  from  its  connection  to  the 
combustion  chamber  to  the  door  sheet.  The 
dome  is  placed  about  central  in  the  length  of 
the  boiler,  since  the  locomotive  is  to  operate 
in  either  direction  and  on  heavy  grades. 

A  novel  design  of  throttle  valve  has  been 
fitted  to  these  locomotives,  which  in  addition 
to  taking  steam  at  the  top  only,  also  acts  as 
a  steam  separator.  The  arrangement  is  such 
that  the  entering  steam  strikes  against  the 
curved  surface  of  the  upper  bell  upon  which 
the  entrained  water  will  be  deposited,  and  fol- 
lowing the  surface  of  this  casting  will  pass 
down  through  the  center  of  the  valve  to  an 
outlet  below.  The  top  of  the  bell  casting  does 
not  take  a  bearing,  and  hence  it  does  not  in 
any  way  act  as  a  valve.  The  steam  is  led  froiTs 
the  throttle  pipe  through  a  short  dry  pipe  tc 
a  point  directly  above  the  high  pressure  cylin- 
der, where  it  passes  through  the  shell  to  a 
T-head  on  top  of  the  boiler  and  thence 
through  wrought-iron  steam  pipes  on  either 
side  to  the  top  of  the  high  pressure  steam 
chest. 

Owing  to  the  extreme  width  of  the  firebox 
it  was  necessary  to  place  the  cab  over  the 
boiler  shell  near  the  front,  and  hence  all  the 
controlling  apparatus,  Injectors,  etc.,  are  lo- 
cated on  the  right-hand  side.  The  injectors 
feed  through  a  double  check  valve  located  on 
the  center  line  of  the  boiler,  but  a  short  dis- 
tance back  of  the  front  tube  sheet. 

The  high  pressure  cylinders  are  cast  in  pairs 
with  saddles,  the  separation  between  the  two 
cylinders,  however,  being  8^,-^  in.  to  the  right 
of  the  center.  This  permits  the  intercepting 
valve  to  be  placed  in  the  left-hand  cylinder 
casting  and  also  gives  room  for  the  connection 


to  the  receiver  pipe.  The  exhaust  steam  from 
the  right  cylinder  continues  from  the  passage 
in  its  saddle  to  an  outside  U-shaped  pipe  con- 
necting to  a  passage  in  the  left-hand  cylinder 
casting  which  leads  up  to  the  intercepting 
valve  chamber  into  which  the  exhaust  steam 
from  the  left  cylinder  also  passes.  From 
this  point  the  exhaust  steam  passes  to 
a  9-in.  receiver  pipe  extending  forward 
between  the  frames  to  the  low  pressure 
cylinders.  An  extra  exhaust  connection  is 
provided  in  the  side  of  the  left  cylinder  cast- 
ing, which  has  a  4^ -in.  pipe  leading  to  tiia 
exhaust  pipe  in  the  smokebox.  This  connec- 
tion is  made  by  a  pipe  having  universal  Joints 
in  a  manner  similar  to  the  receiver  pipe.  The 
construction  of  the  receiver  pipe  is  such  as 
to  permit  free  movement  of  the  front  frames 
in  all  directions,  it  being  fitted  with  a  ball 
Joint  at  either  end  and  a  slip  Joint  near  the 
forward  end.  It  is  ^arranged  to  permit  the 
locomotive  to  pass  around  16-degree  curves. 
The  low  pressure  cylinders  are  cast  in  pairs^ 
the  connection  to  the  receiver  pii>e  being  made 
through  a  Y-shaped  casting  connecting  at  the 
back  to  the  cored  passages  in  the  cylinder. 
The  exhaust  is  carried  through  an  elbow  lo- 
cated on  top,  and  in  the  center,  to  a  short  pipe 
with  universal  Joints  leading  to  the  ftx^^ll■tl 
pipe  ifi  the  front  end. 

The  high-pressure  cylinders  are  fitted  with 
piston  valves  having  internal  admission  while 
the  low-pressure  cylinders  have  balanced  slide 
valves  with  external  admission.  The  valve 
gear,  which  is  of  the  Walschaert  type,  is  so 
arranged  that  the  return  crank  leads  the  pin 
in  both  sets,  and  hence  the  block  is  at  the 
bottom  of  the  link  for  the  go-ahead  motion 
for  the  low  pressure  cylinders  and  at  the  top 
of  the  link  for  the  high  pressure  cylinders. 
In  this  way  the  weights  of  the  two  valve  gears 
counterbalance  each  other.  The  operation  of 
reversing  is  further  assisted  by  a  pneumatic 
reversing  device,  which  is  connected  to  the  re- 
verse lever  and  consists  of  two  cylinders,  one 
of  which  contains  oil  under  pressure  for  lock- 
ing tti€  device  in  any  desired  position,  the 
other  cytJi^der  being  the  air  cylinder.  The 
operation  of  ^^^^  device  is  controlled  from  an 
auxiliary  reversing  lever  in  the  cab. 

In  the  construction  of  the  cast-steel  frames 
special  care  hai?  ^^^^  given  to  obtaining  a 
thorough  system  o^  ^ross  bracing'.  The  articu- 
lated connection  l>etween  the  two  groups  is 
made  in  practicall>'  ^^^^  same  manner  as  was 
r.sed  on  the  BaltiHO^e  &  Ohio  locomotive,  the 
hinge  Joint  beinr-  formed   in  castings  secured 
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poluts.  which  will  come  Into  contact  under 
uausual  coadltlons.  The  one  wbicU  cnrries 
the  largest  amount  of  weight  has  a  aelf-ad- 
Justing  sliding  bearing,  and  is  localetl  belwcen 
the  third  and  fourth  iialr  of  drivers.  This 
bearing  will  permit  free  movement  In  all  direc- 
tions In  the  horizontal  plane,  and  also  In- 
cludes a  safety  connection  whlrh  prevenia  the 
frames   from   dropping  away    from  the   boiler 


In  case  of  any  derailment.  There  la  also  i 
eliDtlar  safety  connection  provided  at  the  front 
end  ot  the  boiler  between  the  guide  yoke  cast- 
ing and  the  exhaust  pipe  elbow.  The  otber 
support  between  the  boiler  and  frames  Is  lo- 
cated between  tbe  second  and  third  pair  ot 
drivers  and  conalsts  of  two  vertical  columns 
located  Just  Inside  the  frames  and  fitted  wltb 
ball  Joints  at  either  end.  Tbe  upper  end  take* 
a  seat  In  projections  on  the  casting  fastened 
to  the  boiler  and  the  lower  end  seats  In  casting* 
having  one  end  hinged  below  a  frame  cross 
tie  across  the  lower  rails.  These  hinged  cact- 
tngs  are  held  In  place  by  U-bolts  at  the  oppo- 
site end,  which  pass  up  through  the  cross  Ue 
and  are  supported  on  colled  springs.  In  tbU 
manner  a  flexible  connection  Is  formed  by  the 
use  of  comparatively  light  springs  and  this 
support  will  take  a  varying  load  correapond- 
ins  to  the  iot-atioQ  of  the  frames  with  refer- 
ence to  the  boiler.  The  initial  compression  of 
these  springs  Is  ^0,000  lbs.,  and  can  be  varied 
as  found  desirable. 

A  spring  centering  device  Is  located  between 
the  second  and  third  pair  of  drivers  Just  ahead 
of  the  column  support  mentioned,  and  is  pro- 
vided with  colled  springs  for  bringing  tlie 
front  group  Into  line  after  leaving  a  curve. 
This  construction  also  includes  an  cmergeocr 
bearing    which    Is    normally    separated    about 

The  fiont  group  of  driving  wheels  are  equal- 
ized together  on  each  side  and  cross  equalised 
ii:  front  ol  the  forward  drivers,  thus  making 
tills  system  equivalent  to  a  single  supporting 
point.  tCiii'b  side  of  the  rear  engine  1:^  equal- 
ir.i}i.\  l!Ldt-|)oudeutly.  The  locomotive  Is  fitted 
uiih  t»o  .Vew  York  duplex  No.  5  air  pumpe 
iiiid  carries  four  air  reservoirs  located  on  top 
of  tbe  tlrebox  and  arranged  as  shown  In  tbe 
ilhit'tr;iiiiiii.  The  general  dimensions,  weights 
and  rntios  are  as  follows: 

GENERAL  DATA. 

Tractlv,.  effort,   compound 94,800   lbs. 

U\.is;bi    on    drivers 409,000   ibt 

Wvl^bt    of    I'liglne   and    tender    in 

working  order    572,000   lbs. 

Wbi'i'i    biisc.  driving    itotal) 39  ft.  2  in. 

Wheel  base,  eu^lnc   and  tender. TO   ft.    5H   In. 

IIATIOS. 

WeiKlit   on   diivers  -:     tractive   effort,..       4.32 

Toial  weii;lu  -:-  tractive  effort 4,3S 

Tractive   effort    ■    dlam.   drivers  -f-  heat- 
ing surface    810.00 

Total  hfiitlng  surface  -^  grate  area 53.11 
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FIretHix    hfJiTini;    t«iirta(i'  tot:il  .  1mm i- 

!&»:  Murf.it  ••,   ;)**r  vui 6.  tti 

Weicr.t  nil  -iMwrs     -   tut  it)   lu-a;i:m  ^  ir- 

lai*'     7t;.:*M 

Voluuif    Im'h    •  >  lin.ltTs.   ni.    ft LM.«n» 

Total   li«M'!i  :  •.jrfjn.-         vuj.  ryKn.Itrs .  2::'J.ii'» 

GrAtt*   ar«'a         •. ul.   «yllni|frs 4.17 


Kind      . 
NuniN-r 

Stroke 


<YIJ.\1>KKS. 

M-'lin   (-oiiipuuiiil 

Jo  ami  :•»:»   In. 

2s   In. 


WHKEhS. 

Drivin;:.   d  ann-r.  r  over    tir««s Til    In. 

Driving.  Thi«  kiii-s>  «)f  tiros :;  »2    in. 

Driiirii:   jii.rii.ils.    main.    <ltanit*Tt>r 

and    li  nuili    lo    •    l'\   in. 

Drivinf.:   jijiii  n.iX^.  oiln'rs.  liiaiueter 

and    I.-n;:th       'J    •    lU   In. 


St>If 


iiOll.Kti.      • 

.    .StiaiuhT.  witli  Cnnhul   Conntu'ilon 


Working    ])rr.ssiirf    -!.'»    IIjr. 

Outside  diaiiifiiT  of  lir^t    riim n4    In. 

Kin-box.  I«  M;:ih  and  uidth.  .  1.'i;1h    •    114*4    In. 

I-'iP'box.  iilaios.  tliifk!if>s K   and    *-i    In. 

Firtdjox,    wau*r    spar** o   in. 

Tiiho.H.  nuiMiicr  and  oiit.'^ldt*  diain- 

oi»T    till      2»i    In. 

Tul)»fs.   lfn;:th    1»1   ft. 

ifi-atin:;   .•^urfan-,   imIios Ll'Tl.Ti   kq.   ft. 

Hi-atinL;    .-^iir !'.»«•».    ihftxix IMIi.J   nq.   ft. 

Iloatinu    .-'iniHi'.    tntjil r».:*.i:i.7  scj.  ft. 

(Jrati*   ariM     1  on   >q.   ft. 

Siiinkosinck,    «liain«'tt'r    18   in. 

Siuokf.stack.  Ind',iht  n1ii>v«'  rall..ir»   ft.    'y^i    in. 

C't'iiiiT  uf   l»()il»T  alMJVf   rail 12n   In. 

TKNDKU. 

Tank     Walor    Hottom 

Fraiii** 1  2-ln.    lo-n>.    Channels. 

\Vh»*««l.-*.    <liaiiu'tvT    :i3   In. 

.Tnunials.    diiinrtrr   ami    l#*nKtli ...'»» a    ■    1**   In. 

WateT    rapaiiry     n.5>»0   RuIs. 

Coa !    (-iiii.it-ii >     1  A.  tons 


THE  CHARACTERISTICS   OF  GOOD 

BUILDING   STONES 


By  R.  D.  GEORGE 
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Of  all  buildinK  materials,  hiuuo  is  best 
•olCr4  to  ihv  main  .^tnutiiral  featuri's  uf  iar^;<.> 
baUdlDf;»  and  crt'at  publio  works,  because  il 
alone  has  ihe  iiaalities  of  strenmli.  durability 
aad  dlKDlty  of  appt^araiite  >o  K^'nerally  8ou»;hi 
iB  the  erect iuu  of  tfiuh  structures.  Uut  many 
vaiietiea  of  building  stone  are  well  adapted 
to  the  building  of  residemes.  And.  for  the 
lajlns  ot  foundations,  whether  for  buildings 
or  for  bridges  and  other  public  works,  stones 
vtll  probably  continue  for  some  time  to  hold 
ftm  place  among  building  materials. 

The  e»S4.*ntial  qualities  of  building  stones 
are  1.  Stn-ugth;  2,  Durability:  :;.  Worka- 
bliu« .    I.    Cofor  and   beauty. 

1.      STUENGTH. 

The  itrength  of  a  stone  is  measured  by  ita 
abilliyr  to  withstand  stresses.  A  stone  in  a 
vail  Is  aabjected  to  Btralns  of  various  kinds. 
Of  the«e,   the  most   Important  are  the  crush- 


ing, the  tensile,  tin*  transverse  and  the  shear- 
lug   stresses. 

Fa4-tors  determining  the  strength  of  a  stone 
and  the  permanence  of  Its  strength  are  com- 
position, texture,  structure  and  mode  of  ag- 
gregation. 

Tomposition.-  Tlie  difTereni  minerals  of 
which  building  stones  may  be  composed  vary 
widely  in  hardness  and  resistance  to  crushing 
force.  For  example,  quartz  is  harder  and  has 
a  higher  crushing  strength  than  calclte  or 
feldspar.  It  is  harder,  but  has  a  lower  crush- 
li.g  strength  than  hornblende,  .\gain.  differ- 
ent minerals  have  different  coefficients  of  ex- 
pansion under  changes  of  temperature;  and 
the  St  res."  OS  resulting  from  differential  ez- 
panshui  and  contraction  are  more  Impor- 
tant in  a  rock  composed  of  several  min- 
erals than  in  a  rock  comiiosed  of  only 
one.  Some  minerals,  such  as  calclte  and 
feid.^par.    have   a    very    pronounced    cleavage; 
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m-htle  others,  like  quartz,  have  little  or  none. 
Cleavage  renders  a  mineral  weaker  in  cer- 
tain directions  than  in  others. 

The  solubility  of  the  materials  of  a  rock 
is  an  important  factor  in  the  permanency  of 
its  strength.  This  is  particularly  true  in 
the  matter  of  the  cementing  material  in  sand- 
stones and  other  elastic  rocks,  where  the 
weakening  or  removal  of  the  bond  between 
the  grains  would  leave  a  crumbling  mass. 

Texture. —Other  things  being  equal.  iH>arse 
textured  rocks  are  weaker  than  tine  textured 
rocks  of  the  same  comi>osition.  There  is  less 
Interlocking  of  the  component  grains,  more 
unoccupied  space,  and  the  contact  planes  be- 
tween the  minerals  are  distributed  in  fewer 
directions. 

Structure. — The  structural  feature  of  most 
Importance  in  building  stone  is  lamination. 
Stones  are  stronger  and  weather  Ini'tter  when 
laid  with  their  lamination  planes  in  a  hori- 
aontal  xMxsition. 

THe  crushing  stress  to  which  a  stone  would 
be  subjected  tn  the  basa!  tier  of  a  very  high 
wall  is  far  wichiu  the  initial  crushing  strength 
of  au>  stone  which  would  be  considered  tit 
for  building  puriK^ses.  Almost  an>  scoue  that 
will  stand  quarry iug  and  shipment  wil*.  have  a 
crushing  strength  high  enough  (or  iH*rfect 
safety  in  all  ordiuavv  5i',ructurvs.  Builder* 
will  rarely  place  a  stouc  ^hcre  the  dii-xvt 
pressure  ujvu  i:  wi".  exwevl  o:ie':euth  of  i:s 
crushing  stivujc'.h 

Stv>ues  ill  a  ^h'I  drx»  i\Arv*>  sM^:ec:e^^  to 
direct  tensile  s'-tv^s.  ^M:  :^eiv  ji^ily,>  :v*  w::h- 
staud  traii5i^c'-^e  ,ti',vi  s^.cAviv-ji  *'.:v?w^>  .U*>- 
peuds   large! >    uvvii    '.^cv    '.er.siV    >:rvi!  <'.>.. 

Transverse  stress  '.;j  sV-Vcs  Jl^s*'■^^i  -f.  '  J.<h: 
angles  '.o  ihe  Vitg*.^  o:  '.^^  ^\vX.  V^.«*  v'VdsA- 
iug  v»(  s:oue  a'.!%1  ^vik-l<  ^a'.N  .>  .'.s.ia"*  .1.:-.*  '.o 
trausvt'i-se  sivess  ■.eci'.i'.'.i.!!;  !*v'.v  .Vvs*  .-..t"  *■:;»- 
l.vrt  :l^rouai^Oll'.  i^.cv;  '.v*v.<.^  '-».  '>■;*  .•■m;**' 
ing  d !i d  so^M  :■  Ji  -  ■ '-'. »;  o:  '  ^  ^-^  ■  ^  o  '.^v " '.  >  .» :  a  w  .i  ' 
there  is  u s  -  .t ' !  ^  a  ^v v.*  vh»'> ^.v ■ .  v» :  -.' •  •  s :  o  -» '  ■  v >s. 
but  i;  '.*  se'Jo:;^    >i'.\M'. 

the    se'. -'"s;    •■"■    'om".'.i ■•.«:•>    ,*■     ■■v"'-  -•.•    -a    - 

ure  ot    '.^'.'   ^'.'. "'O.-.'v    '.■.*   -;  ^v     ''.''•  .'i^."  .■'■  v    '.■ 

SU ;»l>o:" •-    T Vv !! I    -/ ■  ■  i    ■  .»    -J "  .:          \ >    ^ "*  :a '  * : .;    •  >     i 

chdu.;e   ''•■   '.*',*   ^^- ...   ._»■     I   ■'  i^.»   ^     -  '.  ."?'.■■.;-,■ 

of  vo' '.:''•■;•.'.'■.   's  ■.'^  I -.i,'"  .     "^ .1     . "* -■    ■■    "«  .    ■»    '. -v* 

oh.iM-:':'   ■■•:'   ■■.•■•■      y\:       iv.*    '   <>•-•  "* .     \»  ' -■ 

sio:i   •-*:"    'I-.*   v"v*'»'. ■.s.'iH*:'"     *'*■         ■■>     '■       i-      '*•■  A     "^ 
ovew '-*"■".*.     *'     ■"'    .*^''*.'!    »*».»:vN.     ''i'       ■■^<."   'vii.'*.  •-' 


2.  DURABILITY. 
The  durability  ot  a  stone  depends  chiefly 
Upon  its  ability  to  wltnstand  the  climatic  con- 
ditions to  which  it  is  exposed.  The  principal 
agencies  of  disintegration  and  decay  may  be 
divided  into  two  classes: 

(a)  M.echanical.  including:  Temperature 
changes,  water,  wind,  mechanical  wear  in  the 
place  where  it  is  used. 

(b)  Chemical,  including:  Water,  atmos- 
pheric gases,  organic  acids,  etc. 

Temperature  Changes. — Change  of  volume 
in  response  to  change  of  temperature  is  one 
of  the  most  important  causes  of  rock  disin- 
tegration. It  is  more  effective  in  crystalline 
rocks  than  in  non-crystalline  rocks  of  the 
same  composition.  The  coarser  the  texture, 
the  greater  the  strain.  Rocks  composed  of 
several  different  minerals  suffer  more  than 
those  containing  only  one.  A  granite  may 
contain  quartz,  feldspar  and  hornblende.  The 
ix»etncients  of  expansion  of  these  minerals  are 
proKH>rtlonal  to  3^.  17  and  2S.  and  as  a  result 
unequal  stresses  will  l>e  set  up  within  the 
rock  whenever  expansion  or  contraction  takes 
place  in  response  to  change  of  temperature. 
Ill  a  rock  comp«?sed  of  but  one  mineral  there 
is  but  one  coefficient  of  cubical  expansion,  and 
the  scrain  is  more  uniform.  The  coarser  the 
grain  of  the  rock,  the  greater  the  liability  to 
disrupt:  ion. 

The  coefficient  of  lineal  expansion  of  a  min- 
eral grain  is  different  in  the  direction  of  the 
ditferent  crys:al  axes.  These  unequal  expan- 
se o'js  create  <i:!;:ljir:y  unequal  stresses  in  the 
d:?crea:  direc^iccs. 

A  ;vrv"»'j:s  roci  wtLI  probably  suffer  less 
vcL"  '.^.:#  forw  ^thaa  wiii  a  compact  one  of 
t?-.'  <;ii"<:*  .v::;;K*si:ion.  owing  to  the  fact  that 
;i  va:-'.  o^  '.li^  :?\:.«a!:5:cQ  will  te  accommodated 
^>  :>.^  '.'z'r>r^-A'*C;xT  spaces.  On  the  other 
^.l:.•J  •>-•  s--e\  :t  •.-i-.-er^mauiar  contact  is  less 
ri  "i^e  '.vrv  :s  -•.vA  lad  consequently  the  work 
■./    :?t:-    a.'-'.-::  .'  ■5::-:i    .a   separating   the   grains 

S'  .:  .■    6   t  voo'    .'-viiic-or  of  heat,  and  un- 

V'     -.'.*  .-f-.K-^   .*:   a   -jiidday  sun  the   outer 

N       i.v  v   \-v  li-^-.  :.o  a  high  temperature 

vr.vv     } ,'    .-.  :i.s:'.'   s:  i.^   .^f  ih^  Mock  has  fell 

'     .^-v  '.   >.v       *"rs  ca-:ses  a  differen- 

■  V    •■  ^  •■:      w  ?  ■.  ?     'eti-is    ".o    weaken    the 

^   •    -  -■•■...     1    *-,       ■!,;■(    iocciag  Che  direct 

i'^  V.     -i .  .      v.*  I  >     i'_:    aiore    slowly    and 

■"  ;      f5j.:'-ing      differential 
"     I  ".    >    '   i    '    •^O'.       •?  ■^'I'.'fr  the  Inside  sur- 
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y  .  while  the  outside  may  be  at  30"".  In  lar^e 
llre«.  atone  walls  may  become  intensely  heat- 
ed. If  water  Is  turned  on  the  hot  atone,  it 
Bpllta  in  layers  parallel  to  the  outer  surface. 
Vnder  surh  conditions  granite  probably  suf- 
fers most  and  sandstone  least  of  the  common 
bulldInK  atones.  Limebtones.  doIonUtic  lime- 
atonea  and  marbles  sufTer  comparatively  little 
up  to  a  temperature  of  900^  to  1.000**  F.. 
proTldlnje  they  are  not  suddenly  cooled.  Above 
this  temperature  they  are  likely  to  be  changed 
to  quicklime,  and  slacked  when  exposed  to 
moisture.  The  behavior  of  aandstonea  under 
aimllar  testa  Is  usually  Rood,  though  sudden 
coollnR  with  water  seems  to  cauae  a  greater 
degree  of  disintegration  than  in  the  cane  of 
Itmestones. 

Water. — As  an  abrading  agent,  water  has 
very  little  effect  upon  the  stones  in  the  walls 
of  buildings.  But  water  within  the  stone  may 
be  the  most  powerful  agent  of  mechanical  dla- 
Iniegration  to  which  building  stone  is  exposed. 
Tbia  water,  apart  from  changes  of  temperature 
Involving  freezing,  is  quite  unimportant  as  an 
agent  of  mechanical  dlHintegration.  But  in 
freezing,  water  expands  about  9';  — 100  vol- 
anxea  of  water  forming  109  volumes  of  ice. 
Tbe  force  of  this  expansion  is  equal  to  a  pres-' 
sure  of  about  one  ton  per  square  inch.  anJ 
aa  It  acta  between  the  grains  of  the  ro(*k. 
it*  effect  is  to  break  the  bonds  holding  them 
together  and  so  cause  crumbling.  It  is  a  se- 
vere test  of  the  tensile  strength  of  a  rock. 

Bnt  tbe  destructive  efTects  of  freezing  are 
not  proportional  to  the  amount  of  water  a 
•lone  can  absorb  and  retain.  Much  depends 
upon  tbe  character  of  the  pores  or  openings 
containing  the  water,  and  ujion  the  degree 
of  ffaturatlon  of  the  stone  at  the  time  of  freez- 
ing. While  roi*kH  with  very  small  pores  re- 
tain tbe  absorbed  water  longer,  they  take  it  up 
nucb  more  alowly  and  are  le^s  likely  to  be- 
rome  aaturated  with  atorm  waters  than  are 
thoae  with  larger  pores.  All  things  consid- 
ered. It  la  well  to  avoid  stones  having  a  high 
abaorptlcn  ratio,  and  especially  if  they  are  of 
line  texture. 

Certain  rocks  contain  measurable  quantities 
of  readily  aoluble  aalta.  In  others,  such  salts 
are  formed  by  chemical  reactions  between 
some  of  tbe  conatltuenta  of  the  stone  and  those 
of  tbe  atmosphere.  Tnder  ordinary  atmos- 
pheric condltlona  these  aalts  are  crystalliz(»d. 
diSBolved.  and  recry stall Ized  within  the  stone. 
and  tbe  merbanical  strain  accompanying  the 
proccna  looaena  and  separates  the  grains  of 
the  rock.     Tbis  la  a  very  Important  considera- 


tion in  connection  with  th«*  laying  of  founda- 
tions in  alkali-rich  soil.  The  ground  water 
carries  the  Falts  into  the  stone  and.  when  the 
water  ev^iporates,  they  crystallize  with  expan- 
sion, developing  a  force  similar  to  that  ex- 
erted by  water  in  freezing. 

.Many  minerals,  when  exposed  to  the  action 
of  water,  become  more  or  less  hydrated.  Aa 
a  rule,  this  change  involves  change  of  volume, 
and  as  each  mineral  has  its  own  ratio  of  ex- 
pansion from  hydration,  and  as  some  minerals 
are  more  likely  to  b€>come  hydrated  than 
others,  it  is  plain  that  the  proceas  of  hydra- 
tion will  cause  unequal  stresses.  The  mechan- 
ical efTect  is  similar  to  that  of  expansion  from 
rise  of  temperature,  but  there  is  not  tbe 
alternate  expansion  and  contraction  which  ac« 
companies  temperature  changes.  Tbe  upper 
walls  of  a  building  are  not  likely  to  suffer  ap- 
preciably from  hydration,  but  the  stones  of 
the  foundation  may  l>e  saturated  for  long 
periods  of  time.  and.  as  a  result,  become  par- 
tially hydrated. 

Mechanical  Wvar  in  Doors.  Steps,  etc. — Of 
the  commoner  building  stones,  granite  and 
quartzite  are  most  rt^sistant.  The  wearing 
qualities  of  sandstones  will  depend  upon  the 
cement  between  the  grains  and  the  strength 
of  the  bond  it  affords.  Thove  having  a  sili- 
ceous cement  are  most  durable,  especially  If 
the  cementing  silica  is  united  with  the  grains 
by  crystal  growth.  Limestones  are,  as  a  rule, 
unsatisfactory  floor  and  step  stones,  owing  to 
their  softness. 

Chemical  Agencies. — The  principal  agencies 
of  chemical  disintegration  are:  1.  Tbe  nor- 
mal constituents  of  the  atmosphere — nitrogen, 
oxygon,  carbon  dioxide  and  water  vapor.  2. 
The  Impurities,  or  accidental  constituents — 
ammonia,  nitric,  sulphurous  and  sulphuric 
acids.  :\.  The  compounds  formed  by  reac- 
tions between  members  of  groups  one  and 
two.  and  the  constituents  of  the  stone.  4. 
Organic  compounds  derived  chiefly  from  plant 
life. 

Of  the  first  group,  oxygen,  water  and  car- 
bon dioxide  are  important.  For  convenience 
their  work  is  frequently  referrfMl  to  under  tbe 
headings:  Oxidation,  hydration  and  solution, 
carbonation.  But  It  is  not  likely  that  any  one 
of  the.»e  processes  would  be  Important  without 
one  or  more  of  the  others,  and  it  may  lie 
doubted  whether,  under  natural  conditions, 
any  one  of  these  goes  on  separately.  The 
chemical  breakdown  of  a  rock  is  a  very  com- 
plex process,  involving  many  reactions  and  in- 
teractions. 
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It  is.  porhaps.  as  a  medium  through  which 
other  chemical  reagents  may  work,  that  water 
plays  its  most  important  part  in  the  chemical 
breakdown  of  rocks.  From  the  air  it  gathers 
oxygen,  carbon  dioxide,  sulphuric  and  nitric 
acids.  From  the  soil  and  disintegrating  rocks 
It  derives  ortrauio  acids  and  mineral  salts.  All 
these  are  carried  by  it  to  the  rocks  with  which 
it  conies  in  contact.  But  this  is.  in  part,  me- 
chanical aiid  in  part  chemical.  Solution  and 
hydration  are  other  important  pha^*es  of  the 
work  of  waiter. 

As  a  solvt-ni.  pure  water  has  very  little  ef- 
fect upon  rock-making  minerals,  but  the 
waters  whi^h  come  in  contact  with  building 
stones  are  rare'.y  pure.  They  have  become 
dilute  acids,  and  their  solvent  power  is  greatly 
increased. 

Limestones  and  marbles,  sandstones  with 
ferruginous  and  calcareous  cement,  the  feld- 
spars and  ferromagnesiun  minerals  of  gran- 
ites and  other  igneous  riHrks  are  most  readily 
attacked.  Ordinary  pure,  compact,  non-gran- 
ular limestones  are  not  so  seriously  affecteJ. 
The  texture  prevents  the  acidulateil  waters 
from  penetrating  far  into  the  stone  before 
evaporation  checks  its  course.  But  the  po- 
rous, crystalline  granular  limestones  and 
sandstones  offer  more  favorable  conditions  for 
the  work  of  solution.  The  water  peuet rates 
the  luterg^anular  spaces.  dissv>lves  v>r  weakens 
the  bond  between  the  grains,  and  ;»repares 
the  way  for  crumbling. 

Under  ordinary  cv^uditious  carbon  dioxide 
is  probably  the  most  iuuK>rtaut  aivl  water  has 
In  its  work  of  solution  This  is  due  to  i:s 
univer^^al  vresenv-e.  and  to  its  very  genera!. 
though  slow,  solvent  a>.tiou  u't>on  :he  wvk- 
maklug  tninera'.s. 

As  a  rule,  '.he  dark  vi'.v.era*s  hovnM^T.J.-.'. 
bioc i C e  ri nd  y >  : oxen e-  o t  -. ^ e  i; :a n i : o  '.» : ea  v 
down  be t o re  t b e  f e ■  «.i s ;m ■>  and  ^i -.: .1  r i '. .  1  n  ; >. : > 
process  uiiany  socoriJa:"^  v.ii'.»o".\i's  ave  ''o ::•..■.•  I 
and  niJiy  00 :£»':,»! f^e'>  r?"'.  '. ^o  sviue  \.'nve  '.vv":- 
pied  by  the  da v '<  : iii ti e •  a ' s .  V n J o r  o^- :". .1  •  •  » 
conditions  the  v.ew  nr.^.x'  as  •'ors'iod  'e.r:"0 
more  sya«.e  *han  .ho  ov^i'ii'  .m^l  >o  :rvv-ha'*-« 
cal  srrai:i  !e'i'!''>  r!ron*  *. '"'o'. v  !k'''!M  .'"  '■»■■ 
in  nios:  case^  .1  V'-^'-'^  ^""  '^'-'  v^':"J  "  ■..••■  >  ^^ 
be  removed  in  soli'.iov  N-.'  •'..■,■:  ^^  '  • "  •  "^  ^ 
process  nia>  \v.  '.^o  '.vsuli  =.>  -:••■■  ■  i  "^  v 
weaker.iuu:  '.*:  »^.e  s^o-'e. 

ticn.    :>    ■.•f'.'.'M 'i'.-     ■-♦f      ■■•'-■    ■'■  ■*•'■■  I-'-.'.'    •  \'«'  '■ 
where    ioii^-vonriTrio^l    sarin'a' 'o?     t»*."'i   •»        ?i-.» 
far    as    b":'.'l'.*r-;    srones    avo    •.•o:!m"'u'v!      .<m'\ 
those  used  in   r '..•::!  J  a  lions  are  :i!s.el>   to  suitoi-. 


Even  here,  the  mechanical  effects  of  hydra- 
tion are  more  important  than  the  chemical. 

Sulphuric,  sulphurous  and  nitric  acids  are 
present  in  appreciable  amounts  only  in  the 
atmosphere  of  large  cities  where  the  consump- 
tion of  coal  is  large.  Careful  tests  made  on 
scrapings  from  the  partially  disintegrated  sur- 
face of  the  Bedford  ( Ind. )  limestone  in  the 
older  buildings  of  the  University  of  Chicago, 
which  have  stood  for  ten  or  eleven  years,  show 
2.r.3'<^  of  sulphuric  anhydride — an  amount  al- 
most incredibly  large.  Making  allowance  for 
loss  by  solution  in  the  process  of  change,  it  is 
evident  that  approximately  Z'r  of  the  surface 
of  the  original  limestone  has  been  converted 
into  gypsum. 

Sixteen  analy.-es  of  the  Bedford  stone  show 
no  trace  of  sulphur.  A  microscopic  examina- 
tion showed  that  considerable  intergranular 
matter  had  been  carried  away  by  solution,  but 
it  was  impossible  to  determine  satisfactorily 
the  effective  agency. 

Solution  is  a!so  aided  by  organic  acids  de- 
veloped in  the  decay  of  plant  material.  Chem- 
ically, the  formation  of  soluble  salts,  such  as 
magnesium  and  calcium  sulphates  from  the 
reaction  of  sulphuric  acid  on  magnesium  and 
calcium  carbonates,  has  but  little  effect,  and 
the  Riev'hanic;i!  work  has  been  discussed.  The 
oxidation  of  iron  pyrite  may  result  in  the  for- 
mation of  sulphuric  acid  and  cause  local  chem- 
ical action  of  an   injurious  character. 

.;.      WORKABILITY. 

Stones  suitable  for  building  purposes  differ 
widelv    :m    rh^,   ^;ji^^   with   which  they   may   be 

quarried    .ind    prepared    for   architectural    use. 
Under    worXabi'ity    ^lust   be    included    quarry- 
ing,    d-essing    and     decorative    working.      In 
^y'd:-':\\'.\Ji.    I'^e     arger    structural    features    of 
•■^e  "oc-\   '''jiss  a:e  of  great  importance.      It  is 
des'".i.;"'e  :^ar  'he  ^eds  should  be  well  defined 
A'.\}.  o''  s':'j*i   •'tlv-knerss  ".ha^  all  the  stone  may 
"r^-    vr.t:  Vj'.i-.^e    '.v:'.;?..;  :"    an    undue   amount   of 
\i-v         '.'^  :•     '".■.♦■•;  I'vi'-.a I    position    of    bedding 
^  V''       :.*..■     •  I  ■.-     '.?e  handling  of  the  quarry 
!.*:','vl  :.      ,"  '     it.v-.s  -le  nse  of  quarrying  ma- 
^.s...  ....     .......   •vs.s;"^'.e.      Distinct   and   regular 

•■-'  ••  -'^  ■•  I  '..M-:  one  direction.  Is  a  boon 
•  ♦     " ;    :    '     -"  A-'.  -'wK  -He  split  surfaces  of 

•■     .'"     '■     '■-     i".  •  ■  '    v"vMi-;r   need  no  further 


I 

^* 
I  •  1 

1  I 


.   •'■.  :^      '» 'i-i.    ■'■'■■'    r:«senoe  of  tnie  bed- 
=  'v  ■•-    ■'■.'•''■.:!:^    of    even    greater 

■•  ■ <-'«i:*'i-^nr:irv    rocks,    and 

-«•-  i   v.'.'   '^-'-'-iledned  joints  In 
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live  undt-rnittliiK  or  "KaddinK"  is  ii«'c-Oii- 

Bslni;  is  at  host  n  kIow  and  cxponsivo 
*.  and  many  othiMwisv  d«>HirubIf  stones 
:  be*  plHced  on  th«*  market  liecanse  of  llic 
Ity  of  drt'rstnK  tli»Mii.  Many  Hton«*s  tak'* 
iuf\  with  almost  iMpial  facility  in  all  di- 
ii».  while  i»th«*rs  havt*  such  pronoun* ol 
i|C  or  lerntn.  or  imtli.  thai  satisfaciory 
IK  i*  vt»ry  dltTimlt.  Fino  drrorativo 
on  Fuch  HM'kH  is  alnioHi  ini  possible. 
,  certain  stones  readily  tak«*  a  beautiful 
.itiDK  iNilish.  wliile  others  aro  dillicultly 
pd  and  incapable  of  retaining;  a  s<>od 
e.  Ei\s\  quarryini;.  eaHv  workinK  and 
llty  make  a  desirable  combination  in 
i>ac  iitone. 

4.      COLOR. 

ton«*  and  permanence  of  color  arc  of 
erable  lnii>ortance  in  building  stones. 
illy  in  larKO  cities  where  fashion  rather 
itllity  may  be  the  determininc:  factor  in 
«y|c«'  of  bulldlnK  mat«'rial.  It  is  a  rar«> 
to  find  absolute  uniformity  of  color  in 
rry.  The  common  coloring  matters  of 
>iitarv    rocks  are   carbonaceous   material 


and  salts  of  iron.  Carbonaceous  matter  usu- 
ally Kives  brown  and  black  ton«*K.  while  the 
iron  salts  ^ive  blu«'s.  Krays.  buffs,  browns  and 
reds — the  shade  dependinK  largely  upon  the 
state  of  oxidation  of  the  iron  present.  If  the 
lion  is  present  as  a  sulphide,  weathering  la 
likely  to  cause  oxidation  and  a  darkening  of 
the  color  toward  buff,  brown  and  red.  If  it 
is  in  the  protoxide  form.  tlu>  color  is  likely  to 
bf;  Kray.  blue-Kray  and  blue.  Further  oxida- 
tion may  pro<luce  about  the  same  tones  of 
buff,  red  and  brown  as  those  from  the  iron 
sulphide.  A  rock  colored  brown  or  re<l  by 
hematite  is  likely  to  keep  its  color.  thouKh  In 
time  some  of  the  iron  may  be  washed  out  and 
leave   the  stone  of  a   llk^hter  shade. 

The  color  of.  Igneous  building  stones  de- 
pends largely  u]Kin  the  Important  mineral  con- 
stituents, rather  than  upon  VoloriuK:  matter 
proper.  For  this  reason  the  color  is  more 
likely  to  be  permanent.  lint  if  th**  |M>n'entaKe 
of  the  ferromaKnesian  minerals  is  larKO. 
weathering  may  result  in  a  complete  rhang'? 
of  tone  or  intensity  of  the  color,  owing  to  the 
partial  breaking  up  of  these  minerals  and  the 
separation  of  iron  salts,  and  a  change  in  their 
state  of  oxidation. 
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adequate  protection  of  Inland  streams 
ikes  from  pollution  by  the  si'wage  of  cii- 
id  towns  has  become  one  of  the  great 
>mB  of  the  present  day.  From  the  early 
n  the  advance  in  knowledge  of  the  art 
rage  purification  has  lieen  so  great  that 

hM  a  result  of  research  and  of  exper- 
Olned  by  the  operation  of  sewage  purl- 
m  idants   u|N)n   a   large  srale.   it   is   gen- 

fon-idered  practicable  to  carry  the  purl- 
in  of    domestic    sewage    to   such    a    state 
the   time   foul    liquid    is    rendered    stable 
10  longer  shows  putn*factive  tendencies. 
iblem    of    Sewaxe    Purification.-  -Shortly 

ibe  Introduction   o(  the  water  carriage 


s>stem  of  sewerage  in  is^:*,  it  l>egan  to  bo 
recognized  that  thf  withdrawal  of  the  liquid 
wastes  of  the  community  from  the  Immediate 
neighborhood  of  the  city  or  town  did  not  en- 
tirely effect  their  satisfactory  disposal,  espe- 
cially where  such  com m unit li>8  were  located 
on  the  banks  of  streams  of  small  flow  subject 
to  summer  drought.  During  such  low  flows, 
offensive  odors  would  emanate  from  the 
sludtse  deiHisits  on  the  drying  shor<>8.  affect  I  ng 
the  health  and  welfare  of  the  inhabitants  of 
the  community  itself  or  of  others  located  be- 
low upon  the  same  stream.  For  the  lM*neflt 
of  the  community  itself,  or  as  a  result  of  suits 
on   the  part  of  the  lower  riparian  owners.  It 
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bei'uine  necesHury  to  adopt  such  means  for 
the  purification  of  the  polhitlus  discharges 
that  the  original  purity  of  the  stream  would 
be  restored  to  as  great  an  extent  as  practic- 
able. Such,  in  a  general  way,  is  the  lase  to- 
day, especially  in  inland  cities  and  towns 
located  upon  the  banks  of  small  streams.  A 
dilution  of  from  36  to  45  to  1.  such  as  Is 
usually  considered  to  be  sufficient  to  prevent 
putrefaction  on  the  part  of  mixed  sewage  and 
river  water,  is  usually  obtainable  only  in  the 
case  of  cities  or  towns  situated  on  the  shores 
of  the  larger  rivers,  hence  in  other  cases  the 
problem  of  the  purl  Heat  ion  of  sewage  pre- 
sents itself  for  consideration. 

As  it  is  well  known,  the  extent  to  which 
It  is  necessary  to  carry  the  purification  of 
domestic  sewage  is  governed  largely  by  local 
conditions.  By  this  is  meant  that  according 
to  circumstances  of  ilow  of  a  stream,  the  char- 
acter of  its  waters  and  their  subsequent  use 
a^  a  sounv  of  water  supply,  the  needed  degree 
of  puriAcatiou  of  the  sewage  discharged  into 
the  stream  ma>  \ary  within  wide  limits.  Aside 
(i-oui  the  dis\*harge  of  sewage  into  the  sea. 
where  after  r\High  screening,  putrt^faction  Is 
v^vercome  by  prKKVss^^s  of  dilution,  the  needed 
degr^v  of  puritloatiou  of  domestic  sewage  may 
be  said  to  be  governed  by  three  general  rules. 
These  are  as   follow*. 

I.  Where  the  sewage  etflueut  is  to  be  dis- 
charged iuto  ruimiug  streams  sub>e\c  to  rtovnis 
aud  with  a  w.n^*i-  cvmiaiuiug  considerable  iiiv- 
bidi'.v  sii  All  seasv^us  of  the  >ear.  the  degree 
Ow  pu:i',>  ivvjuivosl  luvd  iioc  be  tuove  than  tha: 
o I  au  efl !  ue ui  ^  h  u  h  u  lul  i ! « t  ed  >m  :  I  no  '. 0!i  >ie  r 
p u : le f >  V, lul e :  v o ii J i '. u»n s  met  nm i h  d ii : 1 1*. <  ', ^ ^:■ 
<uniuie:    sea>oi» 

'*  1  u  s '. '.  e*i  m  >  '.  ^ e  ^^  .i :  e vs  o '.  ^  h : s*  ^  .t  •  v' 
c ■  ea ■■  e\ve ;» c  jl'.  '. * w » os  ».» ',  •  * ^* vs.t  ;. ^ o  v. i :  i :* v ci '. '. o u 
Ol  t^e  >c>*ai;e  >^v*li\1  Iv  s.uh  .i>  -.v*  -w.^o^e 
t"  vo Tii  ".  '.  b  s*  \i  V  4;i'c»  i  ',» 1  A  V- . '.  s  a :» \'  si  .  -t "  ■ '  -  >  >*  - 
sus;v:1'Um    v  .i'.'.  o*      "^o    '.  *».i.    '.  *i«.'    \'.m;  .«.•    '■    ■.■..- 

l.>u ' :e: u o '. ■  .♦  i.'     .* i     ". ^  .•    ■,* "'  '.: ■-••■■■  * -v* ■ "  ^     \  i\.i-  \> 

v.v:'.»^'' J-."'-'.   N*!'.  ^^   .1  Jx'^.v'v'  o'    '■  ".''^.i.^'      N*  "^  ■,  ^ 

y* ">.'.'.      .i'fo:d      .i"«      .i'v^s'"s«.'      ^'1       I  .       '  .        "  ■  -k 
a'»u"j'2  s  V*:   1  :■  >-«.l  ■•  > 

'iij^i'i:;"*     :•■':■»:      "*».■     "' *■    ■.".  ■  .■•i      ''^'  ^'  ■     ■  I 

'  ?  I  ■»  •  I  ■'•  ■  ■       ■';■■■■..  t  .    I ' .  '  ■ .    ♦  I    I  .  • 

-'^"' ":  -'l' '  K"     ■■.%.»'".    '      ■•;  .1.  .  ;i  «i     ^     »  \*vl' J  i\'i%    ■  I  M.'!  I 

•■.ji  -1^.    iv.^r  I         u-  .L^ease  piOilu..'i:i.:i; 

bacUT'it    v:^'seii     •:..    '  u'    ■  .i^    «»e^a»;e.    b>"  sub- 


jecting the  well-purified  effluent  to  some  form 
of   feterilization  process. 

The  conditions  referred  to  in  the  first  in- 
stance are  such  as  obtain  quite  generally  in 
Ohio  and  the  Middle  West.  In  practically  all 
of  the  plants  in  operation  in  this  ^tate,  the 
attainment  at  all  times  of  a  non-putrescible 
effluent  would  satisfactorily  accomplish  the 
purpose  for  which  the  sewage  plant  was  in- 
stalled. That  is  to  say,  in  this  section  of  the 
country  where  the  glacial  drift  formation  is 
absent  and  where  abound  clayey  soils  subject 
to  easy  erosion,  practically  all  streams  are 
muddy  throughout  the  year,  and  except  in  a 
few  cases  where  there  is  involved  the  protec- 
tion of  a  water  supply,  the  abatement  of  a 
iiuisance  from  the  discharge  of  sewage  into 
small  streams  with  but  low  dilution,  is  readily 
effected  by  processes  of  purification,  depend- 
ing upon  the  use  of  filters  of  coarse  material 
oi>erated  at  fairly  high  rates  and  yielding 
effluents,  which,  when  clarified  by  subsidiary 
sul>sidence.  mixed  with  river  water,  success- 
fully pass  tests  of  ultimate  stability. 

In  cases  where  streams  are  of  low  turbidity 
except  in  flood  stages,  processes  of  sewage 
purification  looking  merely  to  the  ultimate 
stability  of  the  effluents  therefrom,  owing  to 
the  suspended  matters  incidental  to  their 
effluents,  will  tend  to  impair  the  general  ap- 
ivarauce  of  the  stream,  and  in  these,  advan- 
tJLa:e  upwLSt  be  taken  of  types  of  purification 
L':vvesse:«  involving  the  use  of  materials  of 
:*i*.e  ^raiii  and  operated  at  comparatively  low 
iM'.ecs  Such  conditions  are  generally  found 
i:*  New  bTugland  and  in  some  of  the  States 
'-:;vu  :iie  .V::aacic  coast  line,  where,  fortu- 
v.^-.e  V  sa!:>i>  ;ireas  of  suitable  size  and  char- 
ciC'.ev  .1 -e  u*ia:iy  available,  and  under  proper 
>.:v-N-s:o:i  Aud  t'j:elligenc  management,  the 
..s-.'  .♦:  ::iese  area*  produces  effluents  of  a 
♦>  ei"'  ies-ve  of  yurity  containini^  but  small 
iv'o..-«.s  .«:  s  :<ye:ivled  21  alters  for  the  greater 
'.M-      ,»L   '>;•  >ea:- 

:■    -..var-i    .i:?e.i   subsequently  aa  a    source 
I  ."      >.::«.:■      '.he     discharge    of     sewage 
;.>     -V   vrv vented  whenever  possible. 
>  i  :  ►.<    I  e   : .*   :?e  found,  however,  of 
>v-  ^  i  '^v    .lier  such  coadicions  as  the 
^v     V   '.ler-   becomes  necessary  a 
^-  •  -  s'.-   •.  ■■•M-iieut   -hac   not  only  will 
*  '  *       I  <.      .'e     ca!'.ed    the     chemical 
*•.    -    '.MM    "out  such  as  will  de- 
•:   M'  oogenic  origin  as  well. 
■    V     ■■"I'.'.'ical    knowledge     has 
■       ^  •  va*   .o-ii:ry  as  to  the  prac- 

.:■  .•».  ■'.   :i^.;     K*  bacteria  of  disease 
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which  the  most  ihurough  practical  sewage 
trfatnient  laUs  to  remove.  CotiHiderable  re- 
cent work,  however,  has  been  doue  along  this 
this  line  In  England  and  In  the  Tnited  States. 
and  experiments  have  been  conducted  in  sev- 
«*ral  places  In  this  country  looking  to  a  solu- 
tion of  this  phase  of  the  sewage  problem.  A 
Luuter  of  disinfectants  ha\e  been  tried  thus 
far.  chief  of  which  may  l>e  mentioned:  Lime. 
acids,  ozone.  permanKanate.  chlorine  as 
bleaching  powder  and  also  produced  electro- 
l}iically.  and  copper  sulphate. 

Data  are  yet  too  meagre  to  enable  con- 
clusions to  be  drawn  as  to  the  practicability 
of  the  disinfection  of  sewage  effluents,  in  part 
as  to  the  most  efficient  reagent  to  be  em- 
ployed, and  In  part  on  the  grounds  of  cost, 
but  with  accumulation  of  evidence  from  ex- 
periments carried  out  up  to  the  present  time. 
It  appears  to  be  quite  generally  recognized 
that  the  day  Is  not  far  distant  when  drinking- 
water  streams  will  be  rendered  free  from 
pollution  by  sewage  bacteria  of  disease  origin 
b>  the  use  of  sterilizing  agents,  before  tlue 
aewage  effluent  carried  to  a  non-putresclble 
state  by  a  modern  process  of  sewage  purifica- 
tion, shall  t>e  allowed  admlfesion  into  a  stream 
used  below  the  outfall  for  domestic  consump- 
tion. 

The  older  chemical  precipitation  processes 
at  l>cat  effect  a  clarification  of  the  sewage 
with  a  removal  of  from  50  to  60  per  cent, 
of  the  suspended  matters,  but.  of  course,  the 
resulting  effluents  are  highly  putrefactive,  of 
foul  odor  and  require  a  high  dilution  with 
ri%er  water  to  prevent  the  rise  of  a  nuisance 
along  the  shores  of  the  streams  into  which 
they  are  discharged.  In  some  instances, 
moreover,  the  effluent  appears  to  be  more 
highly  putrescent  after  chemical  treatment 
than  before,  due.  it  would  appear,  to  the  well- 
known  solutlonlxing  action  of  lime  In  excess 
upoa  suspended  organic  matters. 

In  general.  It  may  be  said  that  the  treat-' 
menl  of  sewage  by  chemical  precipitation 
alone  will  probably  be  productive  of  foul 
odors  and  obnoxious  conditions,  in  addition 
to  the  heavy  burden  of  sludge  disposal,  and 
Ir.  the  speaker's  opinion,  the  process,  except 
tn  rare  cases.  Is  to  be  considered  superseded 
by  thoae  of  more  recent  origin. 

In  the  smaller  plants,  sewage  Is  treated 
either  upon  areas  of  sandy  soil,  at  times  also 
heavy  with  clay,  or  upon  sand  filters  of  arti- 
Brial  construction,  according  to  the  well- 
known  proceM  of  Intermittent  filtration.  The 
variation  In  the  details  of  a  sewage  plant  of 


this  type  is  very  Kroat.  eHiieclally  as  to  the 
character  of  tne  filtering  mcdhim.  the  uietnod 
of  flooding  the  filters,  the  amount  of  hewage 
applied  at  each  dosing,  and  the  amount  of 
preparatory  treatment  to  which  the  applied 
sewage  has  l>een  subjected. 

Excellent  results  are  being  obtained  by  the 
intermittent  filtration  process  In  cases  where 
the  material  is  of  suitable  grade,  the  quantity 
of  sewage  to  be  treated  is  not  excessive,  and 
where  the  supervision  is  such  that  the  filters 
receive  the  proper  amount  of  attention,  by 
which  Is  meant  the  raking  of  the  surface 
material,  the  operation  of  tne  filters  upon  a 
strictly  Intermittent  basis,  in  the  absence  of 
automatic  flooding  devices,  and  the  thorough 
cleaning  of  the  filters  in  case  there  develops 
evidence  of  ponding  due  to  over-dosing  or 
to  clogging  on  the  part  of  the  surface  layers. 

In  a  number  of  plants  constructed  In  tne 
last  eight  years,  some  form  of  preparatory 
treatment  has  been  included  in  the  design 
aside  from  the  older  chemical  precipitation 
processes.  Chief  of  these  processes  is  the 
treatment  of  the  crude  sewage  by  sedimenta- 
tion in  septic  tanks,  wherein  there  is  effected 
a  removal  of  about  50  per  cent,  of  the  sus- 
pended matter  of  the  crude  sewage  with  the 
resulting  liquefaction  of  from  :!5  to  50  per 
cent,  of  the  deposited  sludge.  At  the  present 
time  there  are  15  septic  tanks  In  operation  in 
this  state;  of  this  number  12  are  covered  and 
three  are  open  tanks. 

The  general  api)earance  of  the  dtfTercnt  sep- 
tic tanks  varies  greatly.  Of  those  mentioned 
above,  some  appear  to  destroy  sludge  readily, 
while  in  others  the  accumulation  of  sludge  Is 
quite  rapid.  The  presence  or  absence  of  scum 
on  a  septic  tank  is  somewhat  difficult  to  fore- 
tell, as  it  seems  to  be  dependent  upon  several 
conditions,  chief  of  which  perhaps  is  the  rela- 
tive strength  of  the  sewage,  dependent  on  the 
per  -capita  sewage  flow.  With  a  small  per 
capita  flow,  sewage  tends  to  possess  a  turbid, 
milky  appearance.  Is  strong  smelling  after  but 
short  storage  and  contains  a  relatively  large 
proportion  of  colloidal  suspended  matters, 
highly  diluted  sewage,  especially  where  large 
amounts  of  surface  water  are  Included,  gen- 
erally carries  suspended  matters  of  a  fioccu- 
lent  character,  capable  of  rapid  subsidence  un- 
der a  reduced  velocity  and  at  times  carries  a 
small  amount  of  dissolved  oxygen  through  the 
septic  tank.  Broadly  speaking,  sewages  may 
be  separated  into  the  above  two  classes,  the 
division  between  which  is  rather  indefinite. 
From   the  observation  and  the  experience  of 
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the  speaker,  however,  it  has  been  noted  in 
many  instances  that  scum  formation  and  highly 
concentrated  sewage  are  in  some  way  inti- 
mately related,  as  in  the  case  of  tanks  treat- 
ing weak  sewages,  the  rising  sludge  forced  up- 
ward by  the  gases  incidental  to  sludge  fer- 
mentation generally  falls  back  again  before 
a  permanent  scum  has  an  opportunity  to  be 
formed. 

The  efficiency  of  the  septic  tank  may  now 
be  said  to  be  dependent  upon  the  relative 
quantity  of  suspended  matters  that  may  be 
removed  by  the  tank,  the  older  view  of  the 
modification  of  the  liquid  portion  of  the  sew- 
age Itself  having  been  disproved  by  a  number 
of  instances  in  recent  years.  Without  the  a,id 
of  chemical  analysis  and  carefully  averaged 
samples  extending  over  a  considerable  period, 
It  is  of  course  difficult  to  judge  of  the  actual 
etficiency  of  the  septic  tank.  At  the  same 
time,  from  the  general  appearance  of  the  oxi- 
dizing devices  and  from  the  fact  of  the  suc- 
cessful operation  of  the  plant  at  rates  con- 
siderably higher  than  would  be  possible  were 
the  raw  sewage  applied  to  the  filters,  it  will 
be  apparent  that  the  septic  tank  as  a  prepara- 
tory process  for  the  removal  of  a  part  of  the 
suspended  matters  in  many  instances  has 
proven  itself  an  important  factor  in  sewage 
purification. 

There  is  another  side  of  the  treatment  of 
sewage  in  septic  tanks  that  deserves  consid- 
erable attention,  namely,  the  disposal  of  the 
residue  from  the  hydrolysis  of  the  sludge. 
The  first  advocates  of  the  septic  process  were 
firm  in  their  convictions  that  at  last  there 
had  been  devised  a  procvss  for  sewai;e  treat- 
ment that  would  effectually  sv>Ive  the  problem 
of  the  sewaJ:e  problem,  the  disposal  oi  th* 
sludge.  Many  statements  were  made  and 
many  views  were  expressed  that  a  septic  tank. 
when  installed,  would  never  re«iuire  clean; ui:: 
that  in  some  manner  no:  c!-;:irly  uuder^Tood 
it  was  capable  of  destroyiiii;  :he  :*ewai;e  so'lis 
to  be  subsequently  appUM  :o  i:.  S-;ch  v:o\s 
are  now  known  to  tv  uiit-;':!.!'.''.-.'.  While  '.^o 
process  d«?es  effect  the  de.'>tr".:^'.:o:i  oi  a  ve;iaiii 
proportion  of  the  deposited  >M>r voided  iiiit- 
ters.  yet  there  always  ivTiMlTis  mi  e\er-a.*- 
cumnlatlnvj  quant ity  of  sl'id^e  ^^  "li-j^  i-.i  course 
of  time  re'i'.iires  rerr.oval.  i'.i  ra.".  i-j  :.'ie  -no-t 
modern  designs  shidiie  are.is  a:v  '.•■.ovidcl  tor 
the  cleaiiins;  of  the  tanks. 

In  addition  to  the  above  iiie'^iioned  roiiiis 
In  reirard  to  the  efficiency  of  septic  tanks, 
there  is  stIII  another  phase  or  this  form  of 
preparatory    treatment    which    deserves    more 


than  a  passing  notice,  that  is,  the  periodic 
upheaval  of  the  sludge  deposits  and  the  con- 
sequent clogging  of  the  oxidizing  units  by  the 
suspended  matters  thus  carried  onto  the  sur- 
face material.  It  is  a  well-known  fact  that 
there  are  periods  in  the  operation  of  a  septic 
tank  usually  subject  to  continuous  quiet 
ebullition  of  gases,  and  with  a  relatively  high 
subsidence  efficiency,  when  of  a  sudden  there 
rises  to  the  surface  of  the  sewage  large  masses 
01  undigested  suspended  matters  borne  upward 
by  the  sudden  release  of  a  comparatively  large 
quantity  of  gas  confined  under  i)erhaps  a 
heavy  deposit  of  sludge.  At  such  times,  the 
suspended  matters  in  the  effluent  increase 
abnormally  and  tend  to  choke  the  pores  of  the 
filters,  and  in  certain  cases  cause  the  produc- 
tion of  decided  odors  in  and  about  the 
tank  and  the  plant.  This  feature  of  the  per- 
iodic upheavals  in  septic  tanks,  in  many  ways 
is,  of  course,  a  marked  detriment  to  the  pro- 
cess, owing  to  the  load  of  finely  divided  sus- 
pended matters  that  are  forced  upon  the  oxi- 
dizing devices:  it  is,  however,  a  condition 
which  may  be  considered  as  inevitable  in  the 
case  of  most  sewages  and  to  a  certain  degree 
it  would  be  desirable  to  provide  means  to  pre- 
vent the  damage  which  is  caused  by  the  sud- 
den discharge  of  suspended  matters  in  such 
large  quantities.  Generally,  aside  from  sur- 
face baffles  located  near  the  outlet  end  of  the 
tank,  these  being  intended  to  cause  the  sew- 
age in  discharging  to  pass  out  with  a  mini- 
mum of  disturbance,  no  special  devices  have 
been  employed  to  reduce  the  suspended  mat- 
ten?  at  the  periods  of  unusually  violent  septic 
activity,  and  the  effluent  heavily  charged  with 
suspended  matters  passes  on  to  the  fillers.  At 
such  periods  filters  of  fine  grain  require  espe- 
cial care  in  their  operation,  and  unfortunately 
for  the  general  efficiency  of  the  plants,  the 
lack  of  attention  they  receive  is  In  many  cases 
deplorable.  1 11  :te  case  of  strong  sewages  it 
appears  to  be  a  difficult  matter  to  control 
t^.e^e  t'oiv.eu^iiii:  periods  in  septic  tanks,  al- 
thoui;h  'vanks;  on  the  compartment  plan  and 
those  op*'ra'.ed  in  series  may  quite  possibly 
be  eiToctivo   ir.   sor^e   instances. 

A^ov.t  tl'.e  tir.'.e  sudden  impetus  was  given 
to  '.he  vor.s'r'.^tioTi  of  sewage  plants  by  the- 
rise  i::  '.'.ivo:-  of  the  septic  tank  as  a  part  of 
t>.e  dos:-;v.  •.-:  >M'.'h  plants,  considerable  work 
was  larii-j'd  o  ;•..  ;>ai*. icf.arly  in  England,  as 
to  [ho  '\ms:;;':!""\-  of  irvaUnj;  sewage  in  filters 
lontpiv-ed  01  f.r-.v-v  .-oarso  ^rain  material.  The 
first  of  'hcse  wore  operated  upon  the  contact 
plan,  wherein  '.be  outlet  of  the  filter  Is  closed^ 
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raice  adnlltt<^d  until  the  pores  of  the  Alter 
Ailed,  after  which  the  t^'wago  Ih  allowed 
to  i»tand  for  a  stated  {H^riod  in  contact  wlih 
the  Altering  material,  thus  subjecting;  It  to 
liie  action  of  the  bacteria  retalnnd  thereon. 
The  <  on  tart  AlttT  will  be  recalled  as  a  tyiie 
of  Alter  r^-sultink;  from  the  Increased  knowl- 
edR«»  of  the  bacteriology  of  sewage  treatment 
broueht  forward  particularly  as.  by  its  ado]>- 
Uoo.  tht*  purlAcation  of  ^ewa^e  was  hope:!  to 
be  the  more  cHonomically  accomplished  in 
case*  where  fine  Krain  material  was  scane 
and  where  a  limited  area  was  available  as  a 
■ite  for  the  sewafce  plant.  As  the  head  re- 
quired for  the  opi*ratiou  of  a  ."^ewatsH  phtni 
Invcdvlni;  cnntat  t  nit(.*rs  is  l«'ss  than  that  tn'c- 
CBRary  fur  tbi*  nH>st  r^'ceni  d<'vi»lopnieni-— the 
sprinklinc  flli«*r — therv  an*  many  cases  wlu*re 
Lbi-  inMallatinn  of  a  contact  tilti'r  plant  may 
ffucY'»'v»(ulI>  >olve  tbo  i)robleui  «)f  s«'wa^«»  pJirl- 
firation  t*s|KH-lally  where  sand  till  rat  Ion  is  im- 
practicab]**. 

Th«'  fi!iiii»ncy  of  thfSi^  plants  v;iri»»s  con- 
rld«Tat»l>.  In  some  instances  tb<'  ri'sultiuf; 
efllufiits  an*  carrii'd  to  tln'  iiun-puiresriblo 
rtac-  a.H  a  n>suli  i)f  tb«'  iMfparaiory  and  the 
oitdi/inK  tr»»atnH'ni.  wblU*  In  <»fhiTs.  the  <»f- 
flu*-n's    of    th»»   c*»i:tait    lilT«Ts    pijsscss    consid- 


erable odor,  are  free  from  dissolveil  oxygen 
and  protecting  nitrates,  and  do  not  success- 
fully   pass   tests    for   putresclbillty. 

In  the  majority  of  casi's  th*>  cfTluentH  as 
dischjirKf*d  are  low  in  suspended  matters  and 
hence  of  ^ood  appearance.  This  feature  of 
the  retention  of  the  susi>end(Ml  matters  of 
the  applied  sewage  is  cbaract^Tlsiic  of  the 
contact  tiller  and  it  Is  evident  that  the  amount 
of  suspended  matter  contained  in  the  sewaKO 
applied  to  filters  of  this  type  controls  In  a 
measure  their  holdluK  cleanings  of  the  Alter- 
ini;  material.  Owini;  to  the  detrimental  effect 
caused  by  flooding  contact  filters  with  a  iMiorly 
prepared  sewage,  thai  Is.  an  influent  of  high 
susi>ended  matter  content,  the  operation  of 
contact  fi Iters  In  conjunction  with  septic  tanks 
shoultl  be  carefully  watched.  liy  taking  ad- 
vantage of  the  tlcvildllty  of  the  deslf^n  of  the 
preparatory  devlci*s.  tin-  endi-avor  should  be 
su  to  operat*'  ibein.  (h:it.  cban;;lii»;  conditions 
belnu  met  by  niodifit-d  operatini:  procedures, 
the  sewa;:e  applieil  to  the  rontact  Miters  may 
Ik»  as  free  as  po^^ible  from  suspeiuled  matter. 
ii»  vi-r  sbowin.;  evidfu<fs  of  io«i  prolonged  re- 
tention. 4()ndiTion>  \vhl<-b  will  ffiiil  To  enable 
the  convict  litters  to  (iiier;ite  iit  their  best 
w;ih  a  minimum  of  (Iouumul:. 


THE  DEVELOPMENT  OF  ENGINEERING  AND 

ITS  FOUNDATION  ON  SCIENCE* 

By  SYLVAN  US  P.  THOMPSON.  D.  Sc  F.  R.  S. 


\V*'  li^e  In  an  a'^e  when  the  development  ,)1 
Ihe  uia!erial  r**>ources  of  civ  ill/at  ion  Is  pro- 
i;re?>!-ini:  in  a  ratio  without  parallel.  Inter- 
Datioual     comnivne     spreads     apa  «*.  Ocean 

Uan^pori  is  demanding  p:reater  f.iciliiit-s. 
St<aniabli»«  of  vaster  hize  and  swifter  sptod 
than  any  heretofore  in  use  are  beini:  built 
eit*ry  >ear.  Not  only  are  rallwavs  extending 
Id  all  imtlyiUK  parts  of  the  world,  but  ai 
hou)«*.  where  the  territory  is  already  e\ery- 
vbere  int*-rs«H'ted  with  lines,  larger  anil  heav- 
ier   locomotives   are    beiuK    used,    and    longer 


*KiirmrtB  from  Addre^n  to  ihr  En|[iiift*riiiK  Sih  ttoii 
Vi  ftT  ttw  Lplcenter  miwtliiic  of  thv  Uriti-ob  A»;*ot-iiiiuin 
kr  t%»  AdvaocvmcBt  of  Sct^ocf 


runs  without  stopplll^  i\w  1m  ini;  m.i  le  by  our 
express  trains.  The  iioise  «ars  on  o.ir  tram- 
ways are  now  be  ini;  mostly  >upersi*ded  by 
lar^e  cars.  eUMirieally  i»ropelled  and  travel- 
in;;  with  ui'eatiy  iiK'reas«>d  speeds.  For  the 
handling  ol  the  ever-increasini;  passenger 
t rathe  HI  our  ^reai  titles  electric  propulsion 
has  shown  itself  a  neivsslty  of  the  time:  wit- 
ne>s  the  eleitric  railways  in  Liverpool  and  the 
network  oi  ele«trlcally -worked  lube  rallwayn 
tbrou.:;hout  London.  In  ten  years  the  manu- 
facture ol  automobile  carriages  of  all  sorts 
ha-^  sprunt:  up  into  a  great  industry.  Rvery 
year  sees  a  ^re.tter  demand  for  the  raw  ma- 
terials and   products  out   of  which  the  mauu- 
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facturer  will  in  turn  produce  the  articles  d'e-- 
manded  by  our  complex  modern  life.  We  live 
and  work  in. larger  buildings;  we  make  more 
use  of  mechanical  appliances;  we  travel  more, 
and  our  traveling  is  more  expeditious  tha^  for- 
merly; and  not  we  alone  but  all  the' progres- 
sive nations.  The  world  uses  more  steel » 
more  copper,  more  aluminum,  more  paper; 
therefore  requires  more  coal,  more  petroleum, 
more  timber,  more  ores,  more  machinery  for 
the  getting  and  working  of  them,  more 
trains  and  steamships  for  their  transport.  It 
requires  machines  that  will  work  faster  or 
mor^  cheaply  than  the  old  ones  to  meet  the 
increasing  demands  of  manufacture;  new  fab- 
rics; new  dyes;  even  new  foods;  new  and 
more  powerful  means  of  illumination;  new 
methods  of  speaking  to  the  ends  of  the  earth. 

We  must  not  delude  ourselves  with  imagin- 
ing that  the  happiness  and  welfare  of  man- 
kind depend  only  on  its  material  advance- 
ment, or  that  moral,  intellectual,  and  spirit- 
ual forces  are  not  in  the  ultimate  resort  of 
greater  moment.  But  if  the  inquiry  be  pro- 
pounded what  it  is  that  has  made  possible  this 
amazing  material  progress,  there  is  but  one 
answer  that  can  be  given — science.  "  Chemis- 
try, physics,  mechanics,  mathematics — it  is 
these  that  have  given  to  man  the  possibility 
of  organizing  this  tremendous  development; 
and  the  great  profession  which  has  been  most 
potent  in  applying  these  branches  of  science 
to  wield  the  energies  of  Nature  and  direct 
them  to  the  service  of  man  has  been  that  of 
the  engineer.  Without  the  engineer,  how  lit- 
tle of  all  this  activity  could  there  have  been; 
and  without  mathematics,  mechanics,  physics, 
and  chemistry,  where  were  the  engineers? 

If,  looking  over  this  England  of  Edward  the 
Seventh,  we  try  to  put  ourselves  back  into 
the  England  of  Edward  the  Sixth — or,  for 
that  matter,  of  any  pre-Victorlan  monarch — 
we  must  admit  that  the  differences  to  be 
found  in  the  social  and  industrial  conditions 
around  us  are  due.  not  in  any  appreciable  de- 
gree to  any  change  in  politics,  philosophy,  re- 
ligion, or  law,  but  to  science  and  its  applica- 
tions. If  we  look  abroad,  and  contrast  the 
Germany  of  Wilhelm  the  Second  with  the  Ger- 
many of  Charles  the  Fifth,  we  shall  como 
to  the  like  conclusion.  So  also  In  Italy,  in 
Switzerland — in  every  one.  indeed,  of  the  pro- 
gressive nations.  And  it  is  precisely  in  the 
stagnant  nations,  such  as  Spain  or  Servla. 
where  the  cultivation  of  science  has  scarcely 
begun,  that  the  social  conditions  remain  in 
the  backward  state  of  the  Middle  Ages. 


INTERACTION  OP  ABSTRACT  SCIENCE 
AND   ITS   APPLICATIONS. 

In  engineering,  above  all  other  branches  of 
human  effort,  we  are  able  to  trace  tne  close 
interaction  between  abstract  science  and  its 
practical  applications.  Often  as  the  connec- 
tion between  pure  science  and  its  applications 
has  been  emphasized  in  addresses  upon  engi- 
neering, the  emphasis  has  almost  always  been 
laid  upon  the  influence  of  the  abstract  upon 
the  concrete.  We  are  all  familiar  with  the 
doctrine  that  the  progress  of  science  ought 
to  be  an  end  in  itself,  that  scientific  research 
ought  to  be  pursued  without  regard  to  its 
immediate  applications,  that  the  importance 
of  a  discovery  must  not  be  measured  by  its 
apparent  utility  at  the  moment.  We  are  as- 
sured that  research  In  pure  science  is  bound 
to  work  itself  out  in  due  time  into  technical 
applications  of  utility,  and  that  the  pioneer 
ought  not  to  pause  in  his  quest  to  work  out 
potential  industrial  developments.  We  are 
invited  to  consider  the  example  of  the  im- 
mortal Faraday,  who  deliberately  abstained 
from  busying  himself  with  marketable  inven- 
tions arising  out  of  his  discoveries,  excusing 
himself  on  the  ground  that  he  had  no  time 
to  spare  for  money-making.  It  is  equally  true, 
and  equally  to  the  point,  that  Faraday,  when 
he  had  established  a  new  fact,  or  a  new  phy- 
sical relation,  ceased  from  busying  himself 
with  it,  and  pronounced  that  it  was  now  ready 
to  be  handed  over  to  the  mathematicians. 
But,  admitting  all  these  commonplaces  as  to 
the  value  of  abstract  science  in  itself  and  for 
its  own  sake,  admitting  also  the  proposition 
that  sooner  or  later  the  practical  applica- 
tions are  bound  to  follow  on  upon  the  dis- 
covery, it  yet  remains  true  that  in  this  thing 
the  temperament  of  the  discovery  counts  for 
something.  There  are  scientific  investigators 
who  cannot  pursue  their  work  if  troubled  by 
the  question  of  ulterior  applications;  there  are 
others  no  less  truly  scientific  who  simply 
cannot  work  without  the  definiteness  of  aim 
that  Is  given  by  a  practical  problem  awaiting 
solution.  There  are  AVillanses  as  well  as 
Regnaults;  there  are  Whltworths  as  well  as 
Poissons.  The  world  needs  both  types  of  in- 
vestigator; and  it  needs,  too,  yet  another  type 
of  pioneer,  namely,  the  man  who,  making  no 
claim  to  original  discovery,  by  patient  applica- 
tion and  intelligent  skill  turns  to  industrial 
fruitfulness  the  results  already  attained  in  ab- 
stract  discovery. 

There  is,  however,  another  aspect  of  the  re- 
lation  between   pure  and  applied  science,  the 
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ftace  of  which  has  not  b(H*n  hithortO  ao 
emphaslied,  but  yet  Is  none  the  less 
he  reaction  upon  science  and  upon  sci- 
dlflcoTery  of  the  industrial  applliatloua. 
Hie  pure  science  breeds  uBeiul  ln\en- 
t  la  none  the  less  true  that  the  Indus- 
fvelopment  of  useful  inventions  fosters 
igresa  of  pure  science.  No  one  who  Is 
taat  with  the  history,  for  example,  of 
eaa  doubt  that  the  Invention  of  the  tel- 
and  the  desire  to  perfect  It  were  the 
h\  factors  In  the  outburst  of  optical  scl- 
hlch  we  associate  with  the  names  of 
I.  Huygens.  and  Euler.  The  practical 
Uon.  which  we  know  was  in  the  minds 
k  of  these  men.  must  surely  have  been 
jwlllng  motive  that  caused  them  to  con- 
e  on  abstract  optics  their  great  and 
oaal  powers  of  thousbt.  It  was  In  the 
-the  hopeless  quest — of  the  phlloso- 
itone  and  the  elixir  of  life  that  the 
tlont  of  the  science  of  chemistry  were 
rhe  Invention  of  the  art  of  photography 
ren    Immense  assistance  to  sciences  as 

apart   aa   meteorology,    ethnology,   as- 

y,   loology.  and   spectroscopy.      Of   the 

f  hcttt   men   were   profoundly   ignorant 

lie  invention  of  the  steam  engine  com- 

•clentiflc    investigation;    and    the    new 

of  thermodynamics  was  born.  Had 
Men  no  Industrial  development  of  the 
»glne,  is  it  at  all  likely  that  the  world 
ever  have  been  enriched  with  the  scl- 
rcaearches  of  Rankine.  Joule,  Regnault. 
>r  James  Thomson?  The  magnet  had 
Down  for  centuries,  yet  the  study  of  It 
terly  neglected  until  the  application  of 
i«  mariners'  compass  gave  the  incentive 
earch. 

hUtory  of  electric  telegraphy  furnished 
striking  example  of  this  reflex  Influence 
BStrial  applications.  The  discovery  of 
cCrtc  current  by  Volta.  and  the  inve-ti- 
of  ita  properties  appear  to  have  been 
ited  by  the  medical  properties  attrib- 
B  the  preceding  fifty  years  to  electric 
'gea.  But.  once  the  current  had  teen 
•red.  a  new  Incentive  arove  in  the  dim 
llty  It  suggested  of  transmitting  nlgnals 
Utanre.  This  was  certainly  a  posslbll- 
*Q  when  only  the  chemical  effects  of.  tho 
I  had  yet  been  found  out.  Not.  how- 
atll  the  magnetic  effects  of  the  current 
ea  diacover;^d  and  investigated  did  tel- 
y  assume  commercial  shape  at  tho 
of  Cooke  and  Wheatstone  In  Englnnd. 

Iforre  and   Vail   in   America.      Ixt   us 


admit  freely  that  there  men  were  inventors 
rather  tnan  discoverers;  exploiters  of  reseurch 
rather  tnan  pioneers.  They  built  upon  tho 
ioundations  laid  by  Volta.  Oertted,  Sturgeon, 
Henry,  and  a  host  of  less  famous  workers. 
But  no  sooner  had  the  telegraph  become  of 
industrial  Importance,  with  telegraph  lined 
erected  on  land  and  submarine  cables  laid  in 
the  sea.  than  fresh  investigations  were  found 
necessary;  new  and  delicate  instruments  must 
be  devised;  means  of  accurate  measurement 
heretofore  undreamed  of  must-  be  found; 
standards  for  the  comparison  of  electrical 
quantities  must  be  created:  and  the  laws  gov- 
erning the  operations  of  electrical  systems 
and  apparatus  must  be  investigated  and  form- 
ulated in  appropriate  mathematical  expres- 
sions. And  so.  perforce,  as  the  Inevitable  con- 
sequence of  the  growth  of  the  telegraph  in- 
dustry, and  mainly  at  the  hands  of  those  in- 
terested in  submarine  telegraphy,  there  came 
about  the  system  of  electrical  and  electro- 
magnetic units,  based  on  the  early  magnetic 
work  of  Gauss  and  Weber,  developed  further 
by  Lord  Kelvin,  by  Bright  and  Clark,  and  last 
but  not  least  by  Clerk  Maxwell.  Had  there 
been  no  telegraph  industry  to  force  electrical 
measurement  and  electrical  theory  to  the 
front,  where  would  Clerk  Maxwell's  work  ha\e 
been?  He  would  probably  have  given  his 
unique  powers  to  the  study  of  optics  and  ge- 
ometry; his  electromagnetic  theory  of  light 
would  never  have  leapt  into  his  brain;  he 
would  never  have  propounded  the  existence 
of  electric  waves  in  the  ether.  And  then  wo 
should  never  have  had  the  far-reaching  In- 
vestigations of  Heinrlch  Hertz:  nor  would  the 
British  Association  at  Oxford  In  1S94  have 
witnessed  the  demonstration  of  wlrelei^s  tele- 
graphy by  Sir  Oliver  Ix>dgo.  A  remark  of 
I^rd  Rayleigh's  may  here  be  recalled,  that 
the  Invention  of  the  telephone  had  probably 
done  more  than  anything  else  to  make  elec- 
tricians understand  the  principle  of  self-in- 
duction. 

In  considering  this  reflex  influence  of  the 
industrial  applications  upon  the  progress  of 
pure  science  it  is  of  some  significance  to  note 
that  for  the  most  part  this  Influome  Is  en- 
tirely helpful.  There  may  be  sporadic  cases 
where  industrial  conditions  tend  temporarily 
t<i  check  progn*ss  by  Imposing  |H*rHlstence  of 
a  particular  type  of  machine  or  appliance:  but 
the  general  trend  Is  always  to  help  to  now  de- 
velopments. The  reaction  aids  tho  action:  the 
law  that  Is  true  enough  In  Inorganic  consorva- 
tlve  systems,  that  reaction  op|K>ses  the  action. 
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ceases  here  to  be  applicable,  as,  indeed,  it 
eea£es  (o  be  applicable  in  a  vast  number  of 
organic  phenomena.  It  is  the  very  instability 
thereby  introduced  which  is  the  essential  of 
prok;re.-s.  The  growing  organism  acts  on  its 
enviri'iinicnt.  and  the  change  in  the  environ* 
mem  reacts  on  the  organism — not  in  such  a 
way  a»  to  oppo:iie  the  growth,  but  so  as  to  pro- 
mote it.  So  is  it  with  the  development  of  pure 
scienve  and  its   practical  a  pp  lira  lions. 

In  further  illusiraiiuu  of  thi.-*  principle  one 
i:i:<;hi    refer   to   ;he   immense   effect    which   the 


engineering  use  of  steel  has  had  upon  the 
study  of  the  chemistry  of  the  alloys.  And  the 
study  of  the  alloys  has  in  turn  led  to  the  re- 
cent development  of  metallography.  It  would 
even  seem  that  through  the  study  of  the  inti- 
mate structure  of  metals,  prompted  by  the 
needs  of  engineers,  we  are  within  measurable 
distance  of  arriving  at  a  knowledge  of  the 
secret  of  crystal logenesis.  Everything  points 
to  the  probability  of  a  very  great  and  rapid 
advance  in  that  fascinating  branch  of  pure 
science  at  no  distant  date. 


NOTES  ON  THE  DESIGN  OF  REINFORCED- 
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RECENT    ADVANCES   IN   REINFORCED- 

CONCRETE  ENGINEERING 

By  ALBERT  WELLS  BUEL* 


ibstantlal  progress  In  the  art  of  designing 

building  In  reinforced  concrete  has  been 

rded  In  the  articles  Indexed  in  "Technical 

nature'*  during  the  current  calendar  year. 

9  of  the  contributions  to  the  subject  are 

nch  importance  as  to  merit  a  resurvey  of 

present  state  of  the  art.     In  this  connec* 

ll   Is  well   to  remember  that   progress   is 

only  indicated  by  satisfactory  solutions  of 

questions,   but   also   by    reopening   que%i- 

I  for  discussion  and  scientific  analysis  that 

r  practitioners  have  heretofore  considered 

^ttled. 

wslbly  the  most  far  reHchlng.  If  not  alto- 
er  the  most  important  step  In  dOHignln:; 
'creed  concrete  structures.  Is  the  tendency 
rd  making  the  steel  ek'ments  alone  form 
nplete  and  stable  structure.  The  Thlrty- 
I  Street  Building,  completed  in  September 
is  one  example  of  this  Ideu.  If  we  have 
correctly  Informed,  the  steel  in  the  col- 
■  of  this  building  was  designed  to  curry 
f  the  loads — the  concrete  being  only  con- 
«d  as  a  protect1\e  covering  as  far  as  the 
nns  are  concerned.  This,  if  so.  Is  cer- 
y  on  the  safe  side,  but  probably  few  will 
to  adopt  such  extravagant  c<iust ruction. 
i«  writer  has  proposed  a  middle  ground. 
BO  costly  as  designing  the  steel  for  all  of 
oads  on  columns,  but  yet  with  all  the  ad- 
ft^ea  of  a  complete  and  stable  steel  frame. 
perfectly  safe.  He  would  design  the  steel 
e  throughout,  including  all  bolted  con- 
oBa.  so  that  for  all  loads,  including  those 
to  •rectloQ.  and  without  assistance  from 
concrete,  no  part  of  the  steel  would  be 
■ed  to  over  32.UOO  pounds  per  square 
nor  over,  say.  24,U0U  pounds  per  square 
for  erection  loads  only,  reduced,  where 
Marv.  by  the  usual  formulas  for  flexure. 
For  the  finished  structure,  no  part  of 
Bteel  should  be  stressed  to  over  16,000 
da  per  square  inch,  reduced  by  formulas, 
e  required,  and  the  concrete  should  be 
td  to.  say.  600  pounds  per  square  inch 
npreaslon  and  7S  pounds  per  square  inch 

tar  mt  Psn  t..  "Rrlnforced  Concrete  " 


in  shear,  except  where  there  is  an  excess  of 
steel.  Certainly  the  ratio  of  stress  between 
the  two  elements  in  a  compression  meml>er 
will  be  controlled  by  the  ratio  of  their  respec- 
tive moduli  of  elasticity,  and  if  it  were  not 
that  the  steel  element,  in  a  design  of  this  class, 
may  be  given  an  initial  load  before  the  con- 
crete is  placed,  there  might  not  be  sufllclent 
advantage  to  Justify  it  In  comparison  with  de- 
signs of  the  McGraw  building  class.  This  is 
admittedly  a  complex  feature  of  the  principle 
proposed,  and  the  only  thing  that  can  be  said 
about  it  is  that  each  case  should  \h*  treat <h1  on 
its  merits  by  qualified  experts.  Other  "sys- 
tems," however,  have  no  less  n»»ed  of  expert 
treatment — rather  more-  since  the  prlnclplo 
here  outlined  Is  intended  to  provide  a  Ht(H*l 
frame  that  will  be  In  stability  for  all  conditions 
of  loading  irrespective  of  the  concrete.  The 
concrete  supplies  the  protective  covering  and 
at  the  same  time  relieves  the  steel  of  excess 
load   and   stress. 

Another  recent  example  on  this  line  is  that 
shown  in  an  Illustrated  communication  from 
Mr.  John  M.  Ettler  In  the  "Knglneerimc 
Record"  of  August  31.  1«»07— page  246.  This 
describes  the  reinforcement  of  the  Owl  Drug 
Co.'s  building  on  Mission  street.  San  Fran- 
cisco, Cttl..  as  follows:  "The  method  of  rein- 
forcement murks  an  Innovation  in  that  tho 
st(H>l  work  forms  a  complete  unit  before  any 
concrete 'is  put  in  place.  This  unit  Is  so  com- 
pletely formed  that  It  Is  quite  practicable  to 
erect  all  steel  work  before  any  concrete  is 
I>oured.  Among  the  advantages  of  this  method 
of  construction,  the  following  may  be  men- 
tioned: The  steel  forms  a  complete  structurul 
unit  In  Itself  and  does  not  cause  internal 
stresses  In  the  concrete,  allowing  the  latter  to 
I>erform  the  functions  for  which  It  was  de- 
signed. Defects  in  the  steel  work  cannot 
escape  noth^e.  and  there  is  little  likelihood  of 
derangement  of  the  steel  during  the  pouring 
of  the  concrete.  The  design  can  be  computed 
readily  and  permits  very  quick  erection." 

The  "Knglneering  Record"  of  August  10, 
1U07,  page   162,  prints  an  illustrated  descrl|H 
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tion  of  "A  System  of  Structurally  Reinforced 
Concrete" — patented,  in  which  the  complete 
steel  frame  is  the  main  idea.  This  is  encourag- 
ing, not-  only  as  an  indication  that  a  numher 
of  men  are  working  for  solutions  of  the  prob- 
lem along  the  lines  herein  outlined,  but  also 
because  it  permits  us  to  hope  that  some  will 
find  it  commercially  profitable  to  exploit  sys- 
tems designed  on  safe  principles. 

Prof.  Lewis  J.  Johnson,  in  a  discussion  at 
a  recent  meeting  of  the  Boston  Society  of  Civil 
Engineers,  advocated  the  use  of  top  reinforce- 
ment in  beams  and  slabs,  primarily  to  provide 
for  the  negative  moment  at  the  supports  due 
to  continuous  beam  action.  (See  ''Engineering 
Record"  of  September  28,  page  351).  That 
there  is  generally  more  or  less  restraint  at  the 
supports,  and  that  it  is  often  statically  inde- 
terminate, will  be  quite  generally  admitted, 
as  will  be  the  fact  that  in  many  cases  no 
proper  provision  has  been  made  for  the  nega- 
tive moments.  It  is  correctly  pointed  out  that 
the  top  reinforcement  is  of  the  greatest  possi- 
ble value  in  case  of  weakening  of  bottom  rods 
by  fire.  The  top  rods,  through  cantilever  ac- 
tion, may  carry  the  load  after  the  far  more 
exposed  lower  rods  have  failed.  Irrespective 
of  fire  hazard,  the  top  reinforcement  increases 
the  margin  of  safety,  and  may  properly  be 
taken  into  account  in  designing  the  section, 
thus  effecting  a  saving  of  a  part  of  its  cost. 
If  this  principle  comes  to  be  generally  adopted, 
it  will  greatly  assist  in  the  introduction  of  the 
complete  steel  frame  system  of  reinforcement. 

The  most  notable  example  of  progress  in 
methods  of  construction  is  furnished  by  the 
two  new  kiln  houses  of  the  Edison  Portland 
Cement  Co.,  at  New  Village,  N.  J.,  an  excellent 
illustrated  description  of  which  is  given  in 
"Engineering  News"  for  July  4,  1907,  pages  5 
to  9.  These  buildings  were  constructed  en- 
tirely with  separately  molded  members,  cast 
on  the  ground  from  four  to  six  weeks  before 
being  erected  in  place. 

This  method  has  been  used  to  some  extent 
In  Europe,  and  reports  of  it  have  been  favor- 
able. Although  we  have  in  America  one  or 
two  examples  of  Vlslntini  construction,  in 
which  beams  and  girders  are  separately 
molded,  the  method  has  not  as  yet  received 
the  attention  it  seems  to  merit. 

The  experience  gained  with  these  buildinjj;s 
of  the  Edison  Portland  Cement  Co.  will  be  very 
valuable  to  those  contemplating  the  use  of 
this  method,  particularly  in  regard  to  pro- 
visions and  devices  for  safely  lifting  and  hand- 
ling the  members.     A  device   worthy   of   imi- 


tation is  that  of  first  casting  the  roof  slabs  on 
a  cinder  bed,  to  form  the  molding  fioor  for 
the  other  members,  afterwards  taking  them 
up  and  setting  them  in  position  on  the  roof. 

When  the  ground  area  for  molding  and 
casting  the  members  near  the  building  site  is 
not  available,  the  cost  of  transportation  must 
be  considered.  It  has  been  stated  that  it  costs 
no  more  to  transport  the  finished  members 
than  the  cement  and  aggregates  for  concrete. 
The  cost  of  the  forms  and  of  mixing  and  plac- 
ing is  considerably  less  than  with  monolithic 
work  molded  in  place.  It  would  also  seem, 
that  labor  conditions  should  favor  the  method 
of  separately  molded   members. 

The  "Engineering  News"  states  that  the 
two  buildings  of  the  Edison  Portland  Cement 
Co.  will  be  finished  at  a  total  (estimated)  cost 
approximately  1 4,000  less  than  two  steel  build- 
ings of  the  same  type.  Some  other  advan- 
tages  of  the  method  are  that  the  mixing  and 
placing  of  the  concrete  are  under  more  per- 
fect control,  resulting  in  a  more  uniform  and 
reliable  product.  Tests  to  destruction  may  be 
made  on  extra  members  before  the  other 
members  of  the  lot  are  erected  in  the  struc- 
ture. Test  cubes  or  coupons  may  be  made  to 
represent  as  many  of  the  batches  or  members 
as  desired.  The  method  permits  close  super- 
vision and  inspection.*^  The  concrete  can  be 
kept  thoroughly  wet  while  hardening,  and  no 
member  need  be  erected  until  sufficiently 
aged,  thus  minimizing  the  danger  of  subject- 
ing green  concrete  to  stress.  A  rapid  exten- 
sion in  the  application  of  this  method  may  be 
confidently  expected. 

Some  intelligent  efforts  are  being  made  to 
formulate  rules,  codes  or  specifications  for 
design  and  construction  in  reinforced  con- 
crete. Those  submitted  to  the  Building  Code 
Revision  Commission  of  New  York  City  by  the 
Concrete  Association  of  America^  the  new 
Building  Code  of  San  Francisco  and  "Some 
Essential  Requirements  in  Reinforced  Con- 
crete Work"  by  Mr.  Frank  B.  Gilbreth.  "En- 
gineering News"  of  August  29,  1907,  page 
230,  deserve  mention,  notwithstanding  that 
they  are  open  to  criticism  on  some  points  and 
seem  to  have  failed  to  comprehend  the  full 
import  of  past  experience,  (including  some 
failures)   and  of  recent  experiments. 

The  roport  of  the  Joint  Committee  of  Brit- 
ish Architociural  and  Building  Associations 
and  ffovornnitMit  bureaus,  together  with  its  ap- 
pendicos.  "Engineering  Record"  of  July  27 
and  AiiKUFt  o.  1907,  is  more  pretentious  and 
perhaps  more  conii)rehen8ive.     While  some  of 
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Itm  conrluKioDii  art'  quite  difTon'iit  from  what  a 
•iOilLir  Aiiiorki  un  coiiiniltict*  iniKlit  he  expert- 
e<l  to  :irrUo  at,  lu  view  of  the  (*xiKTience  and 
eipiTimoDtal  data  avallatilc.  othorn  are  some- 
what in  advance  of  the  .present  practice  here. 
The  ropfirt  bi'glns  with  the  sentences,  "Keln- 
forced  concrete  Is  used  so  much  •  •  • 
that  a  Ronerat  agreement  on  the  essential  r(>- 
quirenionts  of  K*>od  work  is  desirable."  and. 
"i«ood  morkmanshlp  and  materials  are  essen- 
tial. \\"Ah  these  and  Good  DeslKn,  strucIur«'S 
of  this  kind  appear  to  be  trustworthy."  This 
«nuld  le  all  rlKht.  atmoKt  ideal,  if  there  waH 
an>    prattical    way    to   eliminate    all    bad    de- 

The  rt* port  Mtat«*s  that  "there  is  no  reason  to 
tear  decay  of  the  reinforcement  in  •  •  ♦ 
cinder  concrete  made  with  clean,  fresh  water, 
If  the  metal  skeleton  be  properly  coated  with 
cement.  "  An  article  in  "Enf^ineerinK  News" 
of  May  23.  1907.  page  G«9.  by  Mr.  Wm.  H. 
Poi.  istves  results  of  experience  and  experi- 
ments fchowinR  i^erious  corrosion  in  cinder 
concrete  and  aays.  "A  rich  mixture,  either  a 
1:1.3  or  one  in  which  the  proportion  of  ce- 
ment to  afTRresate  is  larger,  should  be  used  in 
ai:  raaes.  The  greatest  of  care  should  be  taken 
in  mizins  the  materials,  and  it  may  be  neces- 
M.ry  to  resort  to  the  seemingly  impractical 
Kechod  of  coating  the  reinforcement  with 
grout  before  placing  in  the  concrete  *  *  *. 
It  i«  quite  evident  that  cinder  concrete  should 
b^  U!-ed  only  with  a  view  toward  the  possi- 
ble i*y   of  future  corrosion." 

Th«»  report  i;ivt*s  cnnslderable  attention  to 
tt^  (ri«^«tion  of  Are  resisting  qualities,  and  to 
ir.aTt*ria!*f  and  proportions.  Of  th«*  three  hlgh- 
e^r  firf  reolstlng  matoriats  recoininended  for 
the  aggregate,  slag  will  undoubtedly  give  the 
s'r'^nc^-st   and   l••»^t   foiicret**. 

The  "pet ifii aiion  for  wind  i.*t  about  the  best 
that  ha!$  b«*en  proposed.  All  sand  is  required 
to  pafs  a  >« -Inch  mesh  and  73  per  <'«*nt.  of  it 
a  ^-Inrh  niefh.  It  Is  requin'd  to  be  clean, 
but  waalilng.  It  says,  does  not  always  improve 
II.  as  the  liner  particles  which  may  be  of  value 
•r  fhe  compactness  and  solidity  of  the  mortar 
ar^  carried  away  !n  the  process.  Sand  briquftie 
t«-*tft.  It  points  out.  are  better  than  men*  ap- 
r^^ranoo  in  Judging  the  value  of  a  sand.  It 
r— ••nisr.-nds  that  the  aggr«*gari>  pass  a  *4-inch 
lr>-^^  and  1^  r«*(ained  on  a   * 4 -inch  mesh. 

Thi*  proportions  of  c«>ni«>nt  to  ^and  and  ng- 
rr^cate  mu4t  be  such  that  the  cement  at  least 
rq-ials  the  volda  in  lh«*  sand  and  gives  the  re- 
quired strength  and  that  the  mortar  bo  at 
>^Mt  10  per  cent,  more  than  the  voids  In  the 


aggregate.  It  recoiiimvndH  that  the  voids  in 
both  sand  and  a;{Kr4*Kate  be  n>«'uhurcd  as  well 
as  the  "\0lu1n4*  of  mortar  produced  by  the  ad- 
mixture of  .sand  and  f-enient  in  the  propor- 
tions arranged."  This  is  by  far  the  best  speci- 
fication on  there  points  that  has  yet  been  pub- 
lished in  complete  form.  The  writer  has  used 
a  similar  method  for  ten  years  and  briefly  de- 
scribed it  in  I'art  I  of  "i{f'infon«'d  Concrete." 

An  allowance  for  shock  is  recommended, 
equal  to  half  the  accidental  load  for  public 
halls,  factories,  etc.,  and  equal  to  the  acci- 
dental load  for  floors  carrying  machinery,  the 
roofs  of  vaults  carrying  passage  ways  and 
courtyards. 

In  view  of  American  experiments  as  well  as 
of  the  Hyatt-Klrkaldy  tests,  undue  importance 
seems  to  be  given  to  bending  up  the  ends  of 
rods  and  other  forms  of  end  anchors. 

For  high  steel  one-half  the  stress  at  the 
yield  point  is  recommended  as  the  allowable 
tensile  stress.  This  will  permit  some  rather 
high  working  stresses,  but,  with  the  provision 
of  allowances  for  shock,  they  are  probablf 
Justified. 

Of  the  appendiies,  that  writ(«'n  by  Prof.  A. 
C.  Unwin  on  slab  theories  will,  no  doubt,  re- 
ceive the  most  attention  in  this  country,  wher» 
this  subject  has  already  become  a  live  topic 
for  discussion.  Prof.  UnwIn  compares  Graa- 
hof's  and  Uankine's  Rule  with  the  French 
Government  Hub'  and  with  Bach's  Theory, 
but  an  entir«>ly  satisfactory  solution  has  not 
yet  b*?en  prest»nt*'d.  Dach's  theory  does  not 
seem  to  give  uniformly  distribuifd  reaitlons. 
It  appears  to  require  the  reinforcement  to  be 
peri>endicular  to  the  diagonals. 

The  Grasliof-Uaiikine  and  French  Govern- 
ment rules  are  :i|»plical>lf  to  slabs  with  reln- 
forctMiient  p.iralU'1  (o  iIk*  sid«'s  and  ends,  that 
\s.  iransverst*  and  loni:iiu«linal.  This  would 
seem  to  imply  reactions  greater  at  the  centers 
of  the  sidt's  and  ends  than  at  the  corners,  and 
greater  for  the  l<»ni:  sld**s  than  for  the  short 
I'nds.  Wit»»  :r:ins verse  and  longitudinal  re- 
irfonenifnt,  it  is  not  cb^ar  how  an  element 
can  rec«'i\e  any  lncri>niont  of  load  or  moment 
on  the  central  part  of  its  lenL;th  intenepi^-i) 
by  tbf  tliasonals  of  the  rectancle.  This,  of 
C(nirs4\  rt'fi-rs  to  uniformly  distributed  loads 
only. 

If  the  rt'infiM**  fuuMit  wrrr  arranged  parallel 
to  the  iliai:ona!s.  t':M  h  of  the  sides  and  iMids 
would  appear  to  have  tin*  same  amount  i>f  re- 
act inn  an<l  uniformly  distributed  from  conuT 
to  corner,  the  Intensity  along  the  ends  being 
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greater  than  along  the  sides  in  the  inverse 
ratio  of  their  lengths. 

It  is  probable  that  smaller  rectangles,  with 
diagonals  coincident  with  those  of  the  slab, 
will  mark  lines  of  equal  deflection  and  that, 
therefore,  the  part  of  the  length  of  elements 
coincident  with  a  side  of  such  inscribed  rec- 
tangle will  not  be  subject  to  increment  of  load 
or  moment. 

The  authoritative  solution  of  this  problem 
seems  to  require  the  attention  of  the  labora- 
tories and  theoretical  investigators,  and,  for 
the   present,    the   best   plan   for    the   ordinary 


constructor  to  follow  is  to  make  his  slabs  safe 
The  Orashof-Rankine  rule  is  more  conserva- 
tive than  the  others,  and  is  applicable  to  the 
usual  case  of  transverse  and  longitudinal  re- 
inforcement. For  reinforcement  on  lines  par- 
allel to  the  diagonals,  or  perpendicular  to 
them  as  indicated  by  the  Bach  theor>',  the 
form  of  expanded  metal  disposes  the  reinforc- 
ing metal  nearly  on  theoretical  lines. 

Where  the  length  of  the  slab  exceeds  twice 
its  'Width,  it  should  be  designed  as  a  simple 
beam  for  a  length  of  span  equal  to  its 
width. 


THE  DANGERS  OF  CONTACT  WITH 

ELECTRICAL  CURRENT 


In  a  recent  issue  of  the  "Chemiker  Zeitung," 
Herr  Hermann  Zlpp,  lecturer  at  the  Municipal 
Polytechnic  at  Cothen,  discusses  the  danger  to 
human    life    introduced    by    accidental    contact 
with  an   electrical   current,  and   comes  to  the 
conclusion  that  the  extent  of  the  injury  is  not 
entirely   due.   as   is  generally   imagined    to   be 
the  case  by  non-technical  people,  to  the  volt- 
age of  the  current,  but   partly  or   mainly   de- 
pends on  the  quantity   of  electricity   which   Is 
caused  to  flow   through   the   human   body  and 
upon  the  parts  of  the  system  to  which  It  pen- 
etrates.    The  experiments  that  have  been  car- 
ried out  on  the  physiological  influence  of  elec- 
trical currents  show  that  a  part  of  their  effect 
is   due    to   their   electro-chemical    action    upon 
the  liquids  of  the  body,  and  part  to  the  Injury 
done  to  the  most  Important  orjrms  by  ctntait 
with  the  current  of  eltHtricity.     The  following; 
facts    have    indeel    already    beea    established: 
(1)    When  a  current   flows  from   hand  to  foot 
under    the    worst    ronditions.    that    is    to    say. 
when    a    man's    boots    are    ihorouiijhly    sc»aked 
with  water  and  his  hands  are  danip.  the  resist- 
ance of  the  human  body  is  on  an  average  5. MOO 
ohms.      (2)   When  an  alternating'  current  of  5 
mlUlamperes  with  50  complete  alternations  per 
second    flows    through    a    person,    the   effect    Is 
sufficiently   marked   to   produce   musiular   con- 
traction: hence  In  the  authors  opinion  a  cur- 
rent of  from   50  to   100   milliamperes  must   be 
undoubtedly    considered    as   daimeroi.s    to    life 
provided    it   comes    into    the    neighborhood    of 


the  most  Important  organs  of  the  body.  In 
judging  of  the  degree  of  danger  exhibited  by 
any  electrical  Installation,  therefore, •  the  in- 
vestigator has  to  Inquire  whether  it  is  possible 
that  a  current  of  such  volume  can  be  intro- 
duced into  the  human  system  from  any  part  of 
the  plant.  The  chief  sources  of  danger  are, 
of  course,  a  broken  conductor,  too  highly 
charged  a  conductor,  and  the  effect  of  light- 
ning; but  the  following  points  have  also  to 
be  borne  in  mind,  viz.,  bad  insulation  or  high 
capacity  In  Items  of  the  plant,  and  the  con- 
version in  a  transformer  of  a  high  tension 
current  into  one  of  low  voltage. 

The  author  accordingly  proceeds  to  discuss 
the  various  accidents  that  have  arisen,  or  are 
liable  to  arise,  under  four  separate  headings. 
( 1 )  Simultaneous  contact  with  both  conduct- 
ors. ( 2 )  Contact  with  only  one  conductor. 
(  o  )  Contact  with  the  "charging  current"  in  al- 
ternarini:  installations;  and  (4)  Dangers  in- 
troduce.! during  the  reduction  in  voltage  of 
a  current. 

1.  Simultaneous  Contact  with  both  Con- 
ductors.--In  certain  conditions,  e.  g.,  a  chemi- 
cal factory  or  a  mine  where  the  atmosphere, 
etc..  is  damp  a  man  may  be  injured  by  contact 
with  a  ll»»-volt  current;  because  his  personal 
resistance,  beinj;  lowered  to  5.000  ohms,  as 
already  stated,  he  may  receive  a  current  of  25 
milliamperes  therefrom.  It  is  even  possible  in 
some  case^.  where  the  air  is  loaded  with  acid 
vapors,    that    the   conductivity   of   the   human 
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nay  be  grvater  still,  so  that  dt^ath  may 
'auaed  by  coutact  with  a  rurrrnt  of  110 
k  Id  practice,  howevor.  this  c-lrriiiiiKtame 
not  Involve  great  rink,  bt;cau>e  it  Is  more 
to  ellmlDaie  the  duDKorH  att**ndant  upon 
electrical  plant  than  thOHe  of  any  other 
I  of  marhlnvry. 

I  a  large  number  of  caHes  simultaneous 
act  with  the  two  wires  of  a  clrc*uit  pro- 
's DO  effect  at  all.  either  because  the  man's 
ia  dry.  and  so  forms  an  excellent  Insula- 
or  btH*auM*  the  current  passes  without 
IDR  Dear  any  critical  organ.  For  exam- 
MJhie  time  ago  the  writer  himself  acci- 
tally  placed  one  hand  l>etween  the  two 
att  pleios  of  a  l.uoo-volt  transformer  in 
I  «*oadi(tons  that  the  current  passed  for  a 
ADCf  of  about  2  in.  through  his  flesh.  The 
.t  was  a  severe  shock  to  the  svhtem  and  a 
nentary  combustion  of  the  t-kln.  but  no 
her  ill  efft*cts  followed.  If.  however,  the 
tact  had  been  made  with  both  hands,  a- 
"ent  equal  to  lOfi  milliamperes  would  have 
led  through  his  system  even  if  his  resist- 
9  had  l:een  as  high  as  1u.im»o  ohms,  and 
th  would  have  certainly  resulted.  It  Is, 
'ofor«*.   «-lear  that    arranrSemenis   should   al- 

•  be  made  (o  prevent  the  po.'-sibllity  of 
ultaneous  contact  with  both  conductors  of 
rrufc,  either  by  compelling  the  men  to  wear 
ber  shoes  and  gloves,  or  preferably,  the 
iplr-ti*  fiiult  of  clothing  designed  by  Prof, 
emieff.     This  consists  of  a  garment  woven 

of  atout  linen  with  a  layer  of  fine  copper 
e.  and  Is  so  formed  as  to  enclose  the  whole 
y.  If  a  man  wearing  this  clothiuk;  makes 
tact  with  both  high-tension  conductors,  the 
rent  passes  \ia  the  copper  wire,  and  pra<'- 
\\j   none  enters  his  system.* 

Contact  with  One  Conductor.-  When  a 
a  makes  personal  contact  with  the  two  con- 
tor»  of  an  electrical  circuit  simultaneously. 
riy   always   gross  careUntsness   is   involved: 

It  is  a  much  commoner  thing  for  him  to 
rh  one  of  the  conductors.  Inasmuch  as  no 
feet  Insulator  exists,  at  every  si>ot  where 
inductor  Is  supported,  some  leakage  of  cur- 
i  to  th<*  earth  ocrurs.     The  amount  of  leak- 

at  any  single  insulator  Is  negligibly  small. 

in  a   «*«ry   lung  circuit,   where  large  num- 

•  of  Insi  ilators  are  employed,  especially  In 
amp  arniosph«Te  or  one  charged  with  add 
*»r»  »h»"  total  losses  of  current  are  serious. 
m.    If  a   man  standln'4  on   rbt>   damp  groniid 

•  btf'h  oi.'*-  «if  thf  i'onducter.'«.  a  c.irrtMit  iuks 'S 

^  fart  tk.At  itat«  ffnmiftit  nitRht  bei'imu'  n  vrriiibl*' 
-  if  \»»iu-*.  In  'hi'  *hipr  of  a  •  «■;!!  nf  flrtv  ^e^m!«  to 
p    w^a    otrr'.ittjkrl.  — |>:d>     Klertr'i.-il    Kr\|«w. 


from  the  wire,  through  him,  to  earth,  and  re- 
turns via  the  numerous  insulators  of  the  other 
conductor;   and  the  greater  the  numlx-r  of  in- 
sulators  on    the    circuit,    the    more   dangerous 
is  the  current   that  enters   his  body.      In   this 
particular  case,   clearly.   It    is   not    the  voltage 
of   the  current   which   is  of  chief   importan(*e« 
but  length  of  the  conductors  In  the  circuit  that 
are  supported   on   insulators.      The   case   men- 
tioned   above    where   a    man    received    a    fatal 
shock  by  contact  with  the  wire  cage  of  a  glow 
lamp,  could   only   have  occurred   in   an  exten- 
sive electric  system,  provided,  of  courhe,  that 
the  wiring  had  been  done  proi>erly.     The  au- 
thor has  intentionally  touche.l  the  wires  of  an 
alternating    electrical    circuit     about     150    ft. 
long    in    wlrlch    the    pressure    of    the    current 
ranged   l)etween   u.uuo'  and   a.ouu   volts.     The 
insulation  of  the  conductors  not    being  defec- 
tive, he  exi>erlenced  no  ill  effects;   but  had  the 
circuit  been   several   hundred  feet   lunger  still, 
some    harm    would    have    been    done    to   him. 
Hence  It  follows  that  arrangements  should  be 
made  preventing  the  possibility  of  contact  with 
a  single  conductor  of  any  electrical  plant,  even 
If  the  pressure  is  low.  (>xcept   under  s  ich  t  on- 
ditlons  as  when  a  man  has  his  hands  or  feet 
properly  Insulated. 

'A.  Contact  with  the  "Charging  Current"  In 
Alternating  Installations.  —  When  the  two 
coalings  of  a  I^\vden  Jar  are  connected  with 
the  poles  of  an  alternator  they  receive  alter- 
nately positive  and  negative  charges,  and  the 
quantities  of  electricity  necessary  t»»  produi^ 
these  charges  must  How  through  the  wires. 
The  quantities  of  electricity  pulsating  in  the 
wires  under  the  conditions  mentioned,  may  be 
termed  "charging  currents."  and  are  suffi- 
ciently large  to  be  Indicatetl  by  an  ampere- 
meter or,  if  the  la*yden  jar  N  large  enough. 
b>  causing  an  incandt>scent  lami»  to  glow.  The 
hirger  the  j-ize  «»f  the  Leyden  jar,  I.  e..  tho 
condens%»r.  the  larger  are  the  amounts  of  eleo 
triclly  stored  In  it.  and  the  larger  Is  the  charg- 
ing current.  Kvery  conductor  of  eleitrldty 
fcrms  such  a  cond»*nser  with  the  earth:  and  If 
a  man  touches  one  c<indiictor,  his  body  acts  as 
tln»  wire  of  the  condiMiwr.  conveying  the 
charging  current  to  earth.  The  other  co:iting 
ot  the  cnndi'user  is  the  untouched  conductor, 
and  Is  obviously  connected  with  the  s(iurc«*  of 
alteruatini:  ciirrcut.  Ht-nce  through  the  body 
of  the  man  tlnw  thi*  charutng  currents  of  t'lo 
K-'UdiMist-r  which  i^  fornit'd  of  the  i>arih  and 
the  siM-ond  condu(r(»r.  and  if  thf  latter  ih  larce 
enough,  th.it  is  to  say.  if  tht*  lonductor  Is  Ion:: 
eiiouuh.  the  charging  nirri'Ut    ma>    le  of  ^u(n- 
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cient  volume  to  cause  death.  This  charging 
current  is  the  chief  cause  of  fatal  accidents 
when  contact  is  made  with  a  single  high-pres- 
sure wire,  because  the  currents  due  to  faults 
in  insulation,  which  have  been  previously  dis- 
cussed, are  usually  far  too  small  in  amount  to 
be  of  importance.  In  the  particular  case  now 
under  contemplation  the  length  of  the  distrib- 
uting system  is  far  more  serious  than  the  volt- 
age; and  it  may,  therefore,  be  said  that  every 
high-pressure  installation  is  dangerous  when 
only  one  conductor  is  touched,  provided  a 
man*s  hands  or  feet  are  not  well  insulated. 
Armored  lead  cables  are  especially  dangerous, 
owing  to  their  high  capacity,  and  contact  with 
them  is  likely,  to  produce  worse  results  than 
contact  with  a  naked  wire. 

From  what  has  already  been  stated,  it  is 
evident  that,  more  particularly  in  cases  where 
the  installations  are  employed  in  a  moist  at- 
mosphere, there  is  danger,  not  only  in  simul- 
taneous contact  with  both  conductors,  but  also 
in  contact  with  one.  Escape  of  current  is  par- 
ticularly liable  to  occur  from  badly-built 
switchboards  and  similar  apparatus,  although 
such  escape  can  easily  be  prevented  by  proper 
construction.  It  is  very  necessary  that  new 
inscallations  or  enlargements  to  existing  plant ^^ 
should  only  be  made  under  the  supervision  of 
men  who  understand  the  matter  thoroughly. 

4.  Dangers  of  Transformation. — In  this 
section  of  his  article  Herr  Zipp  briefly  refers 
to  the  danger  exi>erieuced  by  a  man  who  re- 
ceives a  current  in  the  neighborhood  of  a 
transformer.  As  the  insulation  of  a  high-ten- 
sion circuit  is  much  better  than  that  of  a  low- 
tension  circuit  the  current  which  always  tends 
to  escape  from  the  former  to  earth  often  finds 
it  easier  to  pass  first  to  the  low-tension  circuit. 
and  then  to  earth.  If,  now.  the  resistance  be- 
tween a  low-tension  circuit  and  the  earth  is 
20.000  ohms,  and  a  man,  the  resistance  of 
whose  bodv   is   10.000   ohms,   approaches  that 


circuit,  he  may  receive  a  part  of  the  current 
which  is  on  Its  way  via  the  low-tension  circuit 
from  the  high-tension  circuit  to  the  earth.  The 
risks.  Indeed,  are  practically  the  same  as  those 
when  direct  contact  with  a  high-tension  circuit 
is  made  accidentally. 

In  a  final  paragraph  the  author  refers  to  the 
very  high  voltages  (namely,  such  as  100,000 
volts),  which  are  not  dangerous  to  man  when 
the  frequency  of  the  current  is  very  great, 
reaching,  for  example,  100,000  alternations 
per  second;  and  he  ascribes  the  harmlessness 
of  these  Tesla  currents  to  their  passage  along 
the  outer  surface  of  a  conductor,  so  that  when 
the  conductor  in  question  is  a  human  being 
the  critical  organs  of  his  body  are  not  affected 
by  I  he  111. 

In  a  later  issue  of  the  "Chemiker  Zeltung" 
Dr.  H.  Danneel,  of  Friedrlchshagen,  criticises 
certain  features  of  Herr  Zipp*s  article.  He 
takes  it  for  granted  that  the  physiological  ef- 
fect on  the  human  body  of  an  electrical  cur- 
rent is  due  to  electrolysis.  1.  e.,  to  the  migra- 
tion of  the  ions  in  the  living  cells.  Hence  the 
only  important  question  is  the  number  of  coul- 
ombs of  current  which  enter  the  system,  not 
the  number  of  amperes.  He,  therefore,  re- 
gards the  harmlessness  of  Tesla  currents  as 
due  to  the  extremely  minute  quantity  of  elec- 
tricity per  phase,  which  causes  the  alternation 
ic  concentration  in  the  cells  of  the  human 
body  to  be  insignificant.  In  a  brief  rejoinder 
Herr  Zipp  disputes  the  accuracy  of  tne  purely 
electrical  view  propounded  by  Danneel.  As 
stated  in  his  main  article,  he  attributes  much 
of  the  effect  of  an  electrical  current  upon  a 
person  to  its  electro-chemical  action,  but  the 
influence  on  the  nerve  centers — that  is  to  say, 
the  shock  produced  by  the  current — must  not 
be  neglected:  and  the  magnitude  of  this  shock 
would  appear  to  be.  to  some  extent,  a  function 
of  the  voltage. — "Electrical  Review."  Lon- 
don 


THE  VENTILATION  OF  WORKSHOPS 


The  present  report  hait  been  prepared  with 
a  view  chiefly  to  furniBhing  some  general  guid- 
ance an  to  the  application  of  fans  to  the  ven- 
tilation of  factories  and  workshops.  Experience 
has  shown  that  serious  mistakes  are  frequently 
made  in  the  design  of  fan  ventilation;  and  we 
therefore  hope  that  a  short  and  elementary  ac- 
coant  of  the  subject,  with  diagrammatic  illua- 
t  rat  ions,  may  prove  of  service  to  those  owners 
and  managers  of  factories  and  workshops  who 
are  not  already  familiar  with  the  principles 
Involved. 

Selection  of  Fans. — Although  fans  of  excel- 
lent construction,  and  driven  either  electrically 
or  by  pulleys,  can  now  be  very  easily  obtained. 
It  must  l)e  clearly  borne  in  mind  that  different 
tTpes  of  fan  are  made  for  different  kinds  of 
work,  so  that  a  fan  which  is  very  well  suited 
for  one  purpose  may  be  quite  unsuited  for  an- 
other. Broadly  spoakln?.  fans  may  be  di- 
vided into:  (1)  Ix)w-preB8ure  fans,  those  de- 
signed for  moving  air  against  very  slight  re- 
sistances (the  difference  of  pressure  on  the 
two  sides  of  the  fan  not  exceeding,  say,  %  In. 
of  water  as  measured  by  a  water  gage);  and 
(2)  high-pressure  fans,  working  against  re- 
sistances which  may  mount  up  to  several  inches 
of  water.  The  resistance  due  to  the  passage 
of  a  ^ven  volume  of  air  through  the  fan  itself 
Is.  siae  for  slie.  very  much  smaller  In  the 
former  than  In  the  latter  class.  Hence,  If  the 
hlgh-pressore  fan  Is  used  to  drive  air  against  a 
low  external  resistance,  practically  the  whole 
of  the  power  expended  may  be  wasted  in  over- 
eomlng  the  internal  resistance  of  the  fan.  On 
the  other  hand,  if  a  low-pressure  fan  be  used 
acmlnst  a  high  external  resistance,  the  quan- 
tity of  air  passed  will  be  very  small,  and  the 
power  will  he  thrown  away  in  friction  and  the 
prodactlon  of  eddies  about  the  fan. 

Low-Pressure  Fans. — When  air  requires  to 
be  moved  against  very  slight  pressure,  the  so- 
called  "propeller"  fan  Is  usually  employed,  al- 
though low-resistance  centrifugal  fans  can  also 
be  advantageously  used  in  some  cases.  In  the 
propeller  type  of  fan  the  blades  are  arranged 
similarly  to  those  of  the  screw  propeller  of  a 
•ti^mshlp.  the  air  being  driven  forward  by 
their  revolution.  By  this  means  enormous 
volumes  of  air  can  he  delivered  through  the 
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fan  with  a  very  small  expenditure  of  power, 
provided  there  is  little  or  no  resistance  on 
either  side.  For  a  good  type  of  propeller  fan 
working  under  practical  conditions,  with  un- 
impeded flow  of  air,  Mr.  W.  O.  Walker  gives 
the  following  convenient  formula  as  the  result 
of  a  number  of  experiments:  — 

Horse-power  --  x  O.OOOOllG; 

D* 
where  Q  =  quantity  of  air  discharged  In  cubic 
foet  per  second.  D  ^-  diameter  of  fan  in  feet. 

Thus  with  a  discharge  of  12,000  cu.  ft.  per 
min.,  or  200  cu.  ft.  per  sec,  and  a  4-ft.  fan, 

200" 

the    horse-power    required    would    be   x 

V 
0.0000115  =  0.35.  This  example  will  give  an 
idea  of  the  very  large  volumes  of  air  which 
can  be  moved  by  a  propeller  fan  with  a  trifling 
expenditure  of  power,  provided  there  is  no  re- 
sistance. 

The  air  delivery  by  a  pro|K'll«»r  fan  varies 
in  direct  proportion  to  its  rate  of  revolution, 
while  the  power  needed  to  drive  it  varies  as 
the  cube  of  its  velocity.  Hence  for  a  given  ex* 
penditure  of  power  much  more  air  is  propelled 
with  a  low  than  with  a  high  rate  of  revolution. 
In  practice,  however,  it  Is  best  to  run  a  fan  at  a 
considerable  velocity;  otherwise  the  flow  of 
air  may  easily  be  greatly  diminished,  or  even 
reversed,  by  the  influence  of  wind. 

With  increasing  resistance  the  air  delivered 
by  a  propeller  fan  rapidly  falls  to  almost  noth- 
ing, although  considerable  power  Is  being  ex- 
pended In  driving  it.  The  waste  of  power  Is 
due  to  the  fact  that  air  passes  back  through 
the  center  of  the  fan.  where  the  velocity  of  the 
blades  Is  low,  and  the  work  done  by  the  tips 
of  the  blades  Is  absorbed  in  merely  expelling 
this  same  air. 

The  resistance  may  be  due  (apart  from  the 
influence  of  wind  or  of  insufllcient  Inlet  open- 
ings to  the  room)  to  construction  of  the  ducts, 
inlets,  or  outlets  connected  with  the  fan.  to 
sharp  bends  or  rectangular  Junctions  with 
branch  ducts,  and  to  friction  along  the  sides  of 
ducts.  H  the  sectional  area  at  any  part  of  a 
duct  conveying  air  to  or  from  a  fan  be  reduced 
to  less  than  the  sectional  area  of  the  fin,  it  Is 
evident  that  the  linear  velocity  of  the  current 
at   this  point  will  Ite  correspondingly  greater 
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than  at  other  points  In  the  duct.  But  the  work 
expended  in  setting  air  in  motion  varies  as  the 
square  of  the  velocity,  and  any  considerable 
narrowing  of  a  dilbt  thus  introduces  a  resist- 
ance which  a  propeller  fan  cannot  overcome, 
with  the  result  that  the  power  applied  to  the 
fan  is  wasted.  It  is  a  common  mistake  to  sup- 
pose that  by  constricting  a  duct  leading  to  or 
from  a  propeller  fan  a  materially  greater  veloc- 
ity of  air  current  can  be  obtained.  The  in- 
fluence of  the  constriction  is  simply  to  dimin- 
ish the  flow  of  air.  Another  source  of  resist- 
ance is  any  sharp  bend  in  a  duct.  A  rectangu- 
lar bend  practically  doubles  the  pressure  needed 
to  merely  set  the  air  in  motion  in  the  duct,  and 
a  rectangular  junction  with  a  branch  duct  has 
a  similar  effect.  A  loss  about  half  as  great 
also  occurs  at  the  inlet  opening  of  a  duct  un- 
less it  is  trumpet  shaped.  Resistance  due  to 
friction  along  the  walls  of  a  duct  is  propor- 
tional to  the  total  internal  surface  of  the  duct, 
and  to  about  the  square  of  the  linear  velocity, 
but  inversely  proportional  to  its  sectional  area. 
It  becomes  a  serious  item  if  loiig  and  narrow 
ducts  are  employed,  and  such  ducts  should  al- 
ways be  avoided  where  propeller  fans  are  used. 
Frictional  resistance  depends  also  upon  the 
roughness  of  the  internal  surface  of  a  duct, 
and  these  surfaces  should  be  as  smooth  as 
possible.  The  narrowing  of  ducts  by  deposits 
of  dust  should  also  be  carefully  avoided,  and 
the  better  to  ensure  this  when  ducts  are  being 
constructed  ample  provision  should  be  made 
at  suitable  points  for  the  easy  removal  of  dust 
and  other  accumulations. 

High-Pressure  Fans. — Where  air  currents  of 
high  velocity  are  needed,  as,  for  instance,  in 
exhausting  the  dust  from  wheels  used  in  dry 
grinding,  or  where  narrow  or  tortuous  ducts 
cannot  be  avoided,  it  is  necessary  to  have  fans 
capable  of  working  effectively  against  consider- 
able resistances.  For  this  purpose  centrifugal 
fans  are  usually  employed.  In  the  centrifugal 
fan  the  air  inlet  is  at  the  cvnter  of  the  fan. 
which  is  enclosed  In  a  metal  case,  and  the  air 
is  driven  outwards  In  a  tan^ontlal  direction  by 
the  revolution  of  the  blades  into  a  space  be- 
tween their  periphery  and  the  case.  As  the 
outline  of  the  case  is  somewhat  like  that  of  a 
snail's  shell,  this  space  gradually  increases  In 
cross-section  towards  the  air  outlet,  so  that  the 
air  passing  outwards  between  the  blailes  can 
escape  freely  at  all  parts  of  their  revolution, 
and  travel  round  the  case  to  the  outlet.  A 
trumpet-shaped  prolongation  of  the  latter  in- 
creases the  efficiency  of  an  exhaust  fan. 


According  to  the  details  of  construction,  cen- 
trifugal fans  may  be  suited  to  deliver,  with  a 
given  expenditure  of  power,  either  large  vol- 
umes of  air  against  a  relatively  low  resistance, 
or  smaller  volumes  against  a  relatively  high 
resistance;  and  in  selecting  a  fan  the  volume  of 
air  required,  and  the  resistance  against  which 
it  has  to  work,  must  be  carefully  considered. 
Centrifugal  fans  suited  to  work  against  the 
higher  resistances  have  also  a  relatively  high 
internal  resistance,  so  that  if  they  are  set  to 
work  against  a  low  resistance  in  ducts,  etc., 
the  energy  is  wasted  on  the  internal  resistance. 
Details  with  regard  to  the  capacities  of  various 
types  of  fan  may  be  obtained  from  the  makers, 
who  should  specify  the  volumes  of  air  delivered* 
as  measured  by  an  anemometer,  with  different 
resistances  measured  by  a  water  gage,  together 
with  the  corresponding  horse-powers  required 
to  drive  the  fan. 

The  resistances  which  have  to  be  overcome 
by  pressure  fans  are,  of  course,  due  to  the 
same  causes  as  in  the  case  of  propeller  fans; 
but  in  practice  the  factors  involved  often  differ 
in  relative  importance  in  the  two  cases.  Thus 
the  ducts  connected  with  a  pressure  fan  are 
usually  longer  in  proportion  to  their  cross-sec- 
tion, so  that  resistance  due  to  friction  is  more 
important.  There  may  also  be  many  unavoid- 
able bends  in  them.  They  are  usually  best 
made  of  metal  pipes  with  smooth  internal  sur- 
face, all  sharp  rectangular  bends  or  Junctions 
being  avoided  and  no  leakage  permitted;  un- 
less these  points  are  attended  to,  resistance  due 
to  friction,  etc..  may  mount  to  a  very  serious 
extent.  On  the  other  hand,  the  comparatively 
small  resistances  due  to  such  causes  as  wind 
pressure,  restricted  inlet  openings  to  a  room, 
etc..  are  of  much  less  importance  than  when  a 
I>ropeller  fan  Is  used. 

Volume  of  Air  Required,  and  Arrangement 
of  Inlets  and  Outlets. — In  designing  any  sys- 
tem of  fan  ventilation  the  first  points  to  con- 
sider are  the  quantity  of  air  required  and  its 
proper  distribution.  The  quantity  depends  to 
a  large  extent  on  the  distribution;  and  in  many 
cases  a  relatively  small  quantity  well  distri- 
buted is  far  more  effective  than  a  large  quan- 
tity badly  distributed. 

General  Ventilation. — Certain  impurities  can 
hardly  be  prevented  from  becoming  generally 
distributed  in  the  air  of  a  room,  and  can  thus 
only  be  dealt  with  by  general  ventilation  of 
the  room.  In  most  cases  this  is  true  of  the 
produi'ts  of  respiration  and  of  combustion  of 
gas.    I  be    water    evaporated    In    wet    processes. 
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and  the  heat  given  off  from  the  moving  or 
artiflcmlly  heated  machinery:  and  In  some  cafies 
of  the  production  of  dust.  In  removing  these 
impurities  or  sources  of  inconvenience  the  sup- 
ply of  air  must  be  sufflclent  for  the  particular 
pMrp<ifi<  in  vi(>w.  If.  for  lnstanr<*,  heat  or  dusi. 
has  to  tie  removed,  the  ventilation  must  be 
sufficient  to  effect  this  removal,  and  not  merely 
to  dilute  the  proiluctH  of  roHiiiration. 

As  reicards  impuritlei*  from  persons  and 
liiehts.  the  legal  standard  proposed  by  this  com- 
mitt**e  in  Its  first  rei>ort  was  such  as  would  pre- 
\**ni  the  proi»ortion  of  COj  from  respiration  or 
eumhuKtion  from  ever  rising  beyond  12  volumes 
r«er  I'l.iMMi  of  air  during  daylight,  or  beyond 
2"  tolumesi  at  night  with  gas  burning.  If  the 
dutriliution  of  air  were  perfect  and  constant 
this  would  imply  a  minimum  ventilation  by 
day  of  about  I.SaO  cu.  ft.  of  air  i)er  person  and 
{M^r  hour.  Since,  however,  the  distribution  Is 
alwavji  more  or  lens  imi>erfect  and  liable  to  be 
interfere*.!  with  by  varying  conditions  of 
«f*ather.  about  double  this  quantity  of  air 
would  usually  need  to  be  supplied  In  order  to 
ronforni  to  the  standard.  If  more  than  about 
2  cu.  ft.  of  gas  per  person  and  per  hour  were 
burnt  In  the  room  (or  one  flat-flame  Jet  to 
!hre«*  personn  I  an  addition  of  about  l.ooo  cii. 
ft  per  hour  for  each  extra  flat -flame  Jet 
«ouId  probably  be  needed. 

The  quantity  of  air  required  to  remove  ex- 
c<>«si\e  heat  and  moisture  cannot  well  be  cal- 
rtilated  In  the  same  way.  as  the  loss  of  heat 
throuch  walls  and  roof  Is  usually  not  known, 
and  in  any  case  varies  with  the  weather.  The 
air  ftupplv  must  therefore  be  regulated  with 
tbo  help  of  thermometers.  Air  in  which  the 
reading  by  the  wet  bulb  thermometer  exceeds 
ahout  Tm  beelns  to  cause  serious  inconven- 
ience with  ordinary  clothing.  an<l  this  limit 
ouKht  not  to  l>e  exceelei  in  factories  or  work- 
»bo;is  except  under  exf*eptionul  conditions. 

KxperimentA  show  that  if  the  wet  bulb  read- 
tnc  rlM-n  beyond  hIkmit  ss  in  fairly  still  air. 
the  hcj<ly  temperature  can  no  longer  be  pre- 
lented  from  rising  seriously  even  in  iH»rsons 
»trtp[M*1  to  the  waist  and  doing  no  work:  and 
mrh  musrnlar  m-ork  under  the  Hame  conditions 
'h.-  l'«»dy  temiterature  ma>  rise  rapidly  at  a  wei 
»iu!!i  temperature  of  8^'.  With  ordinary  rloth- 
:nr  tbl»  effect  in  considerably  greater.  At  the 
u;i:'*-r  limits  it  is  not  the  temperature  of  the 
a:r.  bjt  that  of  the  wet  bulb  thermometer  that 
R:atrerf>.  and  provided  that  the  air  is  so  dry 
tb>!  the  wet  bulb  temperature  does  not  exceed 
the  llmlta  8t>erifled.  air  temperatures  up  to 
12*1'  or  more  ran  be  tolerated  without  rise  of 


body  temperature.*  Much  higher  wet  bulb 
temi>eratureH  can.  of  course,  be  borne  for  short 
periods,  but  the  bo:ly  temiM>rature  soon  rises 
seriously. 

In  removing  steam  from  rooms  It  must  be 
borne  in  mind  that  cold  air  is  apt  to  cause  con- 
densation of  aqueous  vapor.  Thus  If  air  sat- 
urated with  moisture  at  so  1h  mixed  with  even 
10  times  Its  volume  of  air  from  outside  at  iO"* 
condensation  will  nevertheless  usually  occur, 
and  will  always  do  so.  whatever  the  dilution.  If 
the  Incoming  air  is  Haturatei  with  moisture  at 
the  outside  temperature.  If.  however,  the  In- 
coming air  l>e  warmed  to  a  moderate  extent  as 
it  enters,  this  condensation  will  be  prevented, 
and  the  ventilation  will  serve  the  double  object 
of  cooling  the  room  and  preventing  condensa- 
tion. If  It  Is  only  necessary  to  prevent  con- 
densation of  vapor,  and  not  to  remove  heat, 
the  object  can  often  be  b«»st  attained  by  pro- 
viding not  extra  ventilation,  but  heating  ar- 
rangements. In  the  case  of  dye  works,  etc., 
where  the  building  Is  (»ften  fliled  with  steam 
from  the  vats,  exin^rienc^e  Hbown  that  the  at- 
mosphere is  best  cteare<l  and  condensation 
avoided  by  blowing  In  air  heated  by  passing 
through  a  coil  or  other  form  of  radiator. 

As  regards  removal  of  dust,  the  standard  of 
purity  aimed  at  should  always  Ih*  sufficient  tc 
prevent  injury  to  health,  and  should  also  be 
Huch  i\A  to  prevent  inconvenience  and  enable 
thoHe  employed  to  be  cteun  when  they  leave 
v.-ork.  after  washing.  If  necessary.  Dust  from 
the  disintegration  of  bard  stone,  steel  grind- 
ing, etc..  is  extremely  deleterious,  and  the 
same  may  bo  said  uf  du^^t  containing  any  poi- 
sonous cont*(l(u;Mit.  such  :is  lead.^  In  sucl; 
<'ases  the  dust  should,  by  special  means,  apari 
from  ;:cncral  ventilation,  be  entirely  prevented 
fnini  mixing  with  the  general  atmosphere  of 
a  rooi::.  and  the  same  r«Mnark  applies  to  all 
poiM)nous  i;aN«'>  ami   fMUies. 

The  effect  of  ventilation  cm  the  temi)erature 
<if  a  working  room  during  cold  weather  needs 

•Thf  f<inii«rlnK  ii|»'"iT\.iH"t»-  m.nlv  mi-iiily  l»v  Ilr 
II:il«l.i(if  mil  tllu-!r.itf  i)'.i<  -t;ittnit'!:t  WJ'.h  »tif  air 
ti'ini'i  r^tturt*  a<  t-il  aiu\  tin*  ^%t  bulb  ut  v»  .  ihe  hndjr 
ri  ii)|'*'r:itur«*  riMiiuiiiiMl  th«'  o.iinf  nftcr  '.'*«  hour**.  With 
thi'  air  fiiiiiMTaturf  iit  vt  ;,;.ii  »tn'  wit  bulb  ;it  v»  on 
thi'  oiln-r  httml,  Iho  binly  »fini  rriuun*  rn-i'  ni^arljr  .1* 
m  (III  "•.lino  tim»'.  .iMi  ^vh  I  hi-  ;ilr  Ti'iniH-rHiurr  at  IM" 
mill  111*'  %»t»r  bu:t»  Ji  '.U  thi*  btiily  t«  iii|M-r.itun  ro-'r  4" 
111  t>kn  liiiiir-  Th"  'Ult.!-':.  %ili"  *;•■*  thi-  -.iiiu'  ni  rarh 
iif  thi-  fX|n-rlnn  tiT<.  nil-  «!ri;i|>til  to  ibo  must.  Mid 
ri"'Mrii;  With  iim»>I<  r.i;t  ly  himl  «k<irk  .iii<l  .i  Wt-r  bulb 
t»  nii«r.itur»  of  *«7  thi-  Tt  ni|»»TiiMir»'  n»-f  4  tri  nn**  hi»ur. 
Il  I-.  -•iiiiitiMii  •<  (liT-tiil*  t*>  'i.iv  nhirhrr  thf  iMliiinnnn 
!•?  .1  tfMiii  v.ini-'v  nf  ilii-»  t*  iji-fliiiivlv  i!i:uriiiu-»  iMi"! 
fnMii  .iTiv  h:iri!  -t.tr*-  i-ii'h  .i-  tic.'.  ur.iMtT*'  •..iinl'.'iini*. 
I  ti    I    1-    u:  iI'Mibfi  illy    \*r\    JfijuisiMj-     ».•    *.h»-    I«ii.k-     ;ir«i- 

ilUi  tllK    .1    IIKirknl    I'll  il«-l'ii~MH»!.    '11    |.il'h  -"I'         <»:i    i|»f    nl?l«T 

!i,i!u!  ri\.il  ilu-'  •■!  Hit  Mt  ilu^t  nml  jirt'b.ibly  iiuinv  nihrr 
\.irl»!if  i>r  riririiui  i!i<1  :n«>rK.iiii>  tlurt  h.ivi-  t«y  i.it  mr.iti« 
ihi"   «>anif   xerlitui   rfT»it«< 
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careful  regulation.  For  sedentary  work  and 
fine  manipulations  a  temperature  of  not  less 
than  about  60''  is  required.  With  lower  tem- 
peratures the  working  powers  of  those  present 
become  impaired;  and  the  effects  of  the  low 
temperature  are  much  increased  by  drafts. 
On  the  other  hand,  if  the  work  implies  active 
exertion  lower  temperatures  are  permissible, 
and  some  kinds  of  work  associated  with  dust, 
fumes,  etc.,  can  best  be  performed  in  sheds 
open  to  the  air.  In  general,  the  more  nearly 
open-air  condition  can  be  attained  to  in  any 
-class  of  work  the  better;  and  whenever  pos 
Bible,  windows  should  be  thrown  widely  open 
in  summer  weather. 

In  general  ventilation  by  fans  the  air  may 
be  either  blown  in  (so  called  "plenum"  system) 
or  exhausted.  The  one  or  the  other  system 
may  be  most  suitable  according  to  circum- 
stances, and  in  some  instances  the  combination 
of  both  systems  is  desirable  and  most  effective, 
as  in  the  French  or  so-called  dry  cleaning, 
where  the  fumes  of  benzole,  etc.,  require  to 
be  locally  exhausted  and  fresh  air  supplied. 
The  exhaust  system  ia  much  employed  on  ac- 
count of  its  simplicity,  especially  in  sparsely 
occupied  rooms,  the  air  being  exhausted  by 
one  or  more  fans  placed  in  windows,  walls,  or 
roof,  and  allowed  to  enter  by  suitably-arranged 
openings  distributed  at  other  parts  of  the 
room.  The  main  advantages  of  this  system  are 
that  no  ducts  are  needed,  and  that  the  fan 
causes  no  draft  in  its  neighborhood,  while 
the  cold  incoming  air  causes  little  draft  if 
gfven  an  upward  direction  so  as  to  mix  with 
the  warm  air  of  the  room  above  the  heads  of 
the  occupants.  A  fan  or  exhaust  opening  of 
any  kind  draws  its  air  supply  from  all  round 
without  causing  a  draft  in  a  particular  direc- 
tion. When,  however,  air  is  entering  through 
a  fan  or  other  inlet  it  is  driven  in  a  definite 
ateam  straight  forwards  owing  to  the  mo- 
mentum which  has  been  communicated  to  it. 


With  exhaust  ventilation  coirresponding  inlet 
openings  are  essential,  apart  from  the  chance 
opening  of  windows  or  doors.  The  inlet  open- 
ings should  have  a  total  sectional  area  equal  to 
or  greater  than  the  fan  opening,  and  should 
direct  the  air  upwards  so  as  to  avoid  drafts. 
Although  a  considerable  amount  of  air  may 
enter  through  the  walls,  etc.,  of  a  room,  this 
quantity  is  usually  insufficient,  and  owing  to 
the  neglect  of  inlet  provision  exhaust  propeller 
fans  may  often  be  seen  wasting  most  of  the 
power  communicated  to  them  and  producing 
no  satisfactory  result.  The  inlets  should  be  so 
placed  that  the  whole  room  is  properly  supplied 
with  fresh  air,  the  incoming  air  not  being  al- 
lowed to  pass  straight  to  a  fan  without  dis- 
plaoiug  a  due  proportion  of  the  foul  air  of  the 
room.  It  is  often  a  distinct  advantage  to  have 
the  exhaust  outlet  at  the  floor  level.  With  this 
arrangement  dust  and  particulate  matter,  in- 
cluding that  from  the  mouths  and  persons  of 
those  present,  are  more  effectually  removed, 
since  all  particulate  matter  tends  to  fall.  Loss  of 
heat  from  the  room  is  also  diminished,  as  air  at 
the  floor  level  is  colder.  On  the  other  hand,  hot 
air  and  the  products  of  combustion  of  gas  are 
best  removed  by  an  outlet  opening  higher  up. 

The  "plenum"  system  of  ventilation  pos- 
sesses the  advantage  that  the  incoming  air  can 
be  warmed  or  cooled  as  it  enters,  and  if  neces- 

« 

sary  moistened,  or  filtered  free  from  smuts  by 
passing  it  through  coarse  jute,  cotton  cloth,  or 
other  efficient  filtering  material,  placed  diagon- 
ally or  zigzag  in  the  inlet  duct  so  as  to  give 
large  filtering  surface.  As  the  draft  i^  in  an 
outward  direction  at  all  other  openings  than 
those  through  which  the  fan  delivers  air,  there 
is  complete  control  over  the  quality  of  the  air 
entering  the  room,  and  no  chance  of  air  being 
drawn  in  from  contaminated  sources.  As  re- 
gards the  position  and  direction  of  inlets  and 
outlets,  the  same  considerations  apply  as  in  the 
case  of  exhaust  ventilation. 


GAS  LIGHTING  AND  HYGIENE* 

By  VIVIAN  B.  LEWES.  F.  I.  C.  F.  C.  S. 


The  effect  of  burning  coal  gas  as  an  lllumtn- 
mnt  nn  the  air  of  our  dwelling  rooms  and  the 
health  of  its  oorupants  is  as  old  a  subject  as 
the  use  of  coal  gas  itself;  and  in  the  early  days 
of  the  gas  Industry  it  threatened  to  wreck  its 
future  for  indoor  illumination,  as  the  crude 
sma  then  sent  out.  rich  in  sulphuretted  hydro- 
gen, gave  rise  to  such  discomfort  when  con- 
somed.  that  ventilating  burners  of  clumsy  de- 
vice had  to  be  employe  1  for  its  use,  while  badly 
made  and  leaky  fittings  gave  at  all  times  an 
mroma  which  suggested  to  the  nose  and  mind 
of  the  househoMer  a  doubt  an  to  the  sanitary 
condition  of  the  drainage. 

A  yory  short  period,  however,  served  to  con- 
vince the  gas  manager  that  the  purity  of  the 
gas  was  a  matter  of  even  greater  importance 
to  him  than  to  the  public,  as  the  latter  could 
««cape  the  effects  of  the  sulphurized  products 
of  combustion  by  adopting  other  illuminants; 
while  the  gas  manager's  livelihood  depended 
on  keeping  his  customers.  As  a  result,  puri- 
fication from  sulphuretted  hydrogen  was  adopt- 
ed, and  the  use  of  coal  gas  increased  with 
enormous  rapidity. 

With  the  advent  of  the  e!ectric  light  as  an 
lllnmlnant.  great  stress  was  laid  upon  Its 
enormous  advantages  from  the  hygienie  point 
of  Tiew;  and  ita  supporters  still  make  the  claim 
that  it  most  of  necessity  be  far  more  healthful 
to  use  as  an  lllumlnant  than  coal  gas.  It  has 
not  unnaturally  been  assumed  that,  owing  to 
Incandescent  electric  lighting  adding  nothing  to 
the  Impurities  in  the  atmosphere,  and — what  is 
qnite  as  Important — withdrawing  no  oxygen 
from  It.  It  must  be  the  most  hygienic  form  of 
lllnmlnation  to  employ:  but  in  the  years  which 
have  elapsed  since  electricity  was  pressed  into 
the  service  of  man  for  Illuminating  purposes.  It 
has  become  perfectly  clear  that,  though  it  Is 
Inactive  as  regards  vitiation  of  the  atmosphere, 
a  gas  lighted  room  will  nearly  always  be  more 
pleasant  and  healthy  to  live  In  than  one  lighted 
by  the  newer  form  of  lllumlnant. 

I  have  In  my  mind  at  the  moment  a  hall, 
which  In  the  old  days  was  lighted  by  gas,  and 
In  which  a  large  audience  could  with  comfort 
alt  through  an  hour's  lecture  or  with  pleasure 


•From  m  iTtnrv  d*1lvrr<Kl  ■!  the  June  meetliiK  of  the 
Bniiffk  InMitntloa  of  Oi«  Englneen. 


through  a  three  hour's  dinner,  but  which,  with 
the  march  of  civilization,  had  its  illumination 
changed  from  gas  to  electricity;  the  latter 
being  employed  with  all  the  latest  refinements 
to  effect  the  lighting  under  the  l)est  conditions, 
with  the  result  that  any  large  gathering  within 
its  walls  leads  to  a  state  little  short  of  asphyxia- 
tion. 

In  all  process<*s  of  ventilation,  the  great  fac- 
tors which  enable  us  to  change  the  atmosphere 
in  our  dwelling  rooms  are  the  air  currents  set 
up  by  alterations  in  temperature  and  inter-dif- 
fusion l>etween  volumes  of  air  at  different  tem- 
peratures: and  it  is  this  which  gives  coal  gas 
its  great  advantages  as  an  lllumlnant  over  elec- 
tric lighting,  ('sing  an  incandescent  mantle  on 
an  atmospheric  burner,  about  4  cu.  ft.  of  gas 
per  hr.  are  consumed:  and  this  gives  2  cu.  ft. 
of  carbon  dioxide,  which  would  very  soon  suf- 
fice to  raise  the  proportion  of  carbon  dioxide 
above  the  sanitary  limit  of  G  parts  in  10,000. 
Dut  though  everything  l>e  <lone  to  render  the 
room  as  air-tight  as  possible,  it  will  be  found 
that  the  proportion  of  carbon  dioxide  Is  enor- 
mously less  than  it  should  be  by  theory;  this 
being  due  to  the  fact  that  alteration  In  the 
tem|)erature  of  the  air  of  the  room  sets  up  cur- 
rents and  actions  which  tend  to  bring  about  a 
change  of  the  atmosphere. 

The  Value  of  Hiffusion. — Carbon  dioxide  Is  a 
gas  considerably  heavier  than  air;  so  much  so, 
indeed,  that  it  can  be  poured  from  one  vessel  to 
another  almost  like  a  liquid.  But,  like  all  other 
gases,  it  is  expanded  by  heat;  and  as  the  foul 
air  coming  from  the  lungs,  and  containing 
some  ;V;  of  carbon  dioxide,  is  at  practically  the 
temperature  of  the  body — i.  e.,  98*  P. — It  at 
once  rises  towards  the  ceiling,  while  the  pro- 
ducts of  combustion  from  the  gas  burner,  being 
at  a  still  higher  temperature,  also  rush  up  to 
this  |>oint,  so  that  the  foul  air  is  always  to  be 
found  at  the  top  of  the  room.  One  might  think 
this  foul  air  when  cooled  down  would  descend 
into  the  room  again.  Dut  here  comes  into  play 
the  process  of  diffusion — a  process  by  which 
gases.  Instead  of  arranging  themselves,  like 
other  forms  of  matter,  according  to  their 
weight,  undergo  a  mingling  or  diffusion,  the 
rate  of  which  is  dependent  upon  their  weight; 
a  light  gas  mixing  rapidly  with  others,  while  a 
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heavy  one  diffuses  more  slowly.  It  is  found 
that,  once  mingled,  the  gases  remain  in  perfect 
admixture;  so  that  in  the  present  case  the 
heavy  carbon  dioxide  will  not  again  separate 
from  the  air  into  which  it  has  become  diffused. 
This  so-called  diffusion  of  gases  will  take 
place  with  even  greater  rapidity  through  porous 
solids  than  when  the  gases  are  left  simply  in 
contact  with  each  other;  and  as  the  plaster  of 
the  ceiling  and  the  bricks  or  other  building 
material  of  which  our  walls  are  composed  are 
full  of  minute  openings  or  pores,  they  allow 
gases  to  diffuse  through  with  considerable  rap- 
idity— the  force  of  diffusion  being  aided  by  a 
second  force  called  capillarity.  The  result  is 
that,  even  though  the  ventilation  of  a  room  has 
been  neglected,  and  no  proper  outlet  has  been 
arranged  at  the  top  for  drawing  off  foul  gases, 
diffusion  through  the  ceiling  and  the  walls  in 
the  upper  part  of  the  room  provides  so  rapid  an 
egress  for  the  hot  gases,  that  they  have  not 
time  to  mingle  with  the  air  in  the  lower  portion 
of  the  room,  while  fresh  air  is  being  constantly 
drawn  in  through  every  crack  and  crevice  left 
by  the  jerry  builder. 

Gas  Lighting  as  an  Aid  to  Ventilation. — An 
interesting  series  of  experiments,  the  results 
of  which  are  shown  in  the  accompanying  table, 
shows  conclusively  that,  taking  an  ordinary 
dwelling  room  lighted  by  gas  and  then  the  same 
room  lighted  by  electricity,  the  air  of  the  lower 
portion  of  the  room,  if  one  or  two  people  only 
are  present,  is  as  pure  with  gas  lighting  as  with 
electric  lighting,  while  if  a  large  number  are 
present,  the  advantages  are  enormously  in 
favor  of  gas — the  air  with  electric  lighting  be- 
coming rapidly  so  organically  impure  as  to  be 
positively  dangerous  to  health. 

If  a  number  of  people  are  in  a  room,  the 
organic  exhalations  as  well  as  the  carbon 
dioxide  and  water  vapor  evolved  during  respira- 
tion rise,  and,  reaching  the  level  of  the  gas 
burners,  are  rapidly  swept  up  to  the  ceiling  by 
the  rush  of  hot  gas  from  the  burner — the  flame 
and  heat  destroying  and  charring  a  large  pro- 
portion of  the  germs.  The  hot  air  reaches  the 
ceiling  and  diffuses  through  the  plaster  and 
walls  in  the  upper  part  of  the  room,  and  in 
doing  so  the  charred  organic  matter  is  left  be- 
hind, filtered  off  on  the  surface  of  the  plaster, 
and  rapidly  causes  that  discoloration  of  the 
ceiling  which  is  invariably  found  in  a  town  at- 
mosphere above  the  gas  burner,  and  which  is 
often  wanting  with  country  air.  That  this  is 
the  case  is  amply  verified  by  the  fact  that  if 
beams  are  present  at  the  back  of  the  i)laster. 
diffusion  is  prevented  at  these  points,  and  thoir 


DISTRIBUTION  OF  CARBON  DIOXIDE  IN  THE  AIR 
OP  A  DWELLING  ROOM  (CAPACITY  2.700  CU.  FT.) 
WITH  GAS  AND  ELECTRIC  INCANDESCENT 
LIGHTING. 

GAS  LIGHTING.— Two  Welsbich  "C"  burners  (on 
pendant),  each  consuming  4  cu.  ft.  of  gas  per  hour,  and 
giving   1-10   candles. 

Carbon  dioxide.    Temperature, 
parts  per- 10,000.        Deg.  F. 

Outside    air     .3.0  «1.0 

Between    joists 6.0  mo 

Ceiling     level 44.0  74.7 

Breathing    level 5.0  (W.O 

ELECTRIC  LIGHTING.— Three  16  c.  p.  incandescent 
lamps. 

Carbon  dioxide.    Temperature, 
parts  per  10,000.        Deg.  F. 

Outside    air     3.0  (H.O 

Between    joists 4.0  61.5 

Celling  level 9.0  (i2..'» 

Breathing    level 6.0  61 7 

position  is  plainly  mapped  out  on  the  discol- 
ored surface. 

When    the    room    with    its    occupants    was 
lighted  by  electric  light  there  was  no  rapid  up- 
rush  in  this  way  of  the  products  to  the  ceiling, 
and  the  organic  impurities  and  carbon  dioxide 
leaving  at  body  temperature  remained  diffused 
throughout  the  whole  of  the  atmosphere  of  the 
room,  causing  a  far  more  rapid  fouling  of  the 
air  and  injury  to  health.     If  such  a  room  were 
entirely    left    for    its    ventilation    to    diffusion 
through  the  walls,  it  would  soon  acquire  that 
sour  smell  which  is  noticeable  in  many  rooms 
of  the  poor,  in  which,  in  order  to  keep  in  the 
warmth  derived  from  their  own  bodies,  all  ven- 
tilation is  cut  off.     This  smell  is  due  to  the  de- 
composition of  organic  matter,  filtered  off  dur- 
ing diffusion  by   the  wall  surface  and   under- 
going putrefactive  decay,  giving  the  offensive 
odor,  the  only  way  to  get  rid  of  which  i$  to 
strip  the  paper  from  the  walls  and  lime  tf^h 
them  as  well  as  the  ceiling.     Then,  and  then 
only,  does  the  smell  pass  away. 

When,  however,  this  same  diffusion  through 
the  ceiling  and  upper  part  of  the  walls  of  the 
room  takes  place  in  a  gas  lighted  room,  this 
unpleasant  human  smell,  so  characteristic  of 
the  "tube"  railways,  is  never  detected,  as  the 
small  quantity  of  sulphur  compounds  present 
in  the  gas  (as  was  shown  by  researches  by  Mr. 
Otto  Hehner  and  Dr.  Rideal)  is  largely  ab- 
sorbed and  fixed  by  the  lime  and  lime  salts 
present,  and  acts  as  a  disinfectant,  destroying 
all  forms  of  germ  life.  Here,  again,  the  hy- 
gienic superiority  of  gas  is  manifest,  as  in  a 
gas  lighted  room  or  hall  not  only  are  the  germs 
present  in  the  air,  and  often  of  an  infectious 
character,  destroyed  and  burnt  up  by  tne  fiame 
itself,  but  also  undergo  destruction  and  dis- 
infection from  the  trace  of  sulphur  dioxide 
present  in  the  products  of  combustion — an  ac- 
tion which  is  entirely  wantin  :  when  the  illum- 
ination is  duo  to  incandescent  electric  light. 


WOOD  BENDING 

By  L.  KAY 


CONOENSED    FROM    "WOOD   CRAFT. 


Wood  bending  Is  baaed  on  and  consists  of 
compreMion.  Wood  does  not  safely  stretch  a 
particle:  If  it  does,  It  breaks.  So  when  wood 
1»  bent  the  difference  in  the  length  of  tbo 
mood  on  the  Inside  and  outside  of  the  bend 
must  be  made  up  for  by  compression.  It  Is 
Important  to  remember  this  fact  for  several 
reasons.  Oi«e  In  to  protect  the  wood  on  the 
outside  of  the  curve  from  any  tendency  to 
airetrh  which  may  break  it.  the  other  is  not 
only  to  sele<'t  the  right  kind  of  wood  but  altiO 
In  pn^pare  it  and  get  it  In  such  condition  that 
It  win  compress  most  readily.  It  Ih  became 
a  knot  win  not  compress  readily  that  it  makes 
a  serious  defect  In  wood  Intended  for  bending. 
and  beoaupe  a  knot  can  not  be  compressed 
rtadily  If  li  is  present  In  that  part  of  the 
wood  which  is  to  be  bent  it  Ih  better  to  have 
It  on  the  outside  than  on  the  Inside,  though. 
of  courbe.  It  Is  best  not  to  have  It  there  at  all. 

Any  wood  may  be  bent  to  a  certain  extent, 
but  of  course  some  woodH  bend  more  readily 
than  others  and  usually  the  more  tensile 
strength  the  wood  has  the  better  it  is.  pro- 
tided  this  factor  Is  not  Interfered  with  by  un- 
uhual  resistance  to  compression.  An  example 
illustrating  this  point  is  hickory,  which  has 
great  tensile  strength  and  bends  well  too.  but 
not  nearly  as  easily  as  It  would  If  It  were  not 
so  hard  and  difficult  to  compress.  Kim.  which 
haa  not  the  same  tensile  strength  as  hickory, 
but  la  softer  and  more  easily  compressed,  will 
therefore  bend  more  readily  than  hickory,  and 
where  the  strength  and  hardness  are  sufficient 
to  answer  the  purpose  it  makes  one  of  the  best 
»ood»  known  for  bending  purpones.  White 
pine,  which  is  a  wood  easily  compres.-'eJ. 
•«-ema  to  be  shy  in  tensile  strength  and  though 
1*  can  be  and  is  l)ent  it  Is  not  considered  for 
moat  purposes  a  good  wood  to  use  In  this  way. 

v\  bat  might  tie  termed  the  leading  woods 
rot  r>ent  work  are  hickory,  oak.  elm.  ash.  and 
tb^re  are  lota  of  other  woods  that  are  bent 
ind  made  to  t>end  successfully,  among  them 
t^lng  gum.  mulberry,  yellow  pine,  willow, 
birch,  and  a  number  of  others,  but  the  ones 


named  might  be  considered  the  leaders  In  the 
bent  wood  Industry,  and  the  others  enter  more 
as  incidentals. 

There  are  some  woods  that  can  be  bent 
▼ery  readily  by  simply  soaking  them  In  water 
at  ordinary  temperature,  and  many  times  in 
the  bending  of  light  articles  this  Is  all  the 
preparation  resorted  to.  This  would  Indicate 
that  water  or  moisture  Is  of  more  Importance 
In  the  preparation  of  bending  than  heat.  But 
It  takes  water  and  heat  both  to  make  the  best 
combination. 

Just  what  proportion  of  water  and  heat  are 
best  for  preparing  wood  to  bo  bent  is  a  matter 
in  which  people  differ  somewhat,  some  going 
to  one  extreme  and  some  to  another.  It  doe^n't 
hurt  stock  and  it  Is  really  Kood  for  It  to  be 
Immersed  In  water  and  the  water  heated  to 
a  boiling  point  by  steam.  Another  method, 
and  a  good  one.  too.  Is  to  put  the  stock  In  a 
box  or  vat  and  let  it  get  both  the  moisture  and 
heat  by  turning  exhaust  or  wet  steam  Into  It. 
Some  people  equip  a  steam  box  of  this  kind 
and  use  live  dry  steam.  This,  while  It  helps 
some.  Is  not  the  best  method.  If  live  steam 
Is  to  be  used  for  the  heut.  it  is  best  to  have 
the  sttK'k  ImuKTsed  in  water  and  heat  the 
water  with  the  steam. 

The  bending  part  of  the  work  involves  more 
complications  than  the  boiling  and  It  Is  rather 
difficult  to  give  in  detail  advice  as  to  how  be^t 
to  do  the  work  without  knowing  iH'forehand 
the  exact  amount  of  work  to  be  done  in  each 
case,  the  kind  of  wood  to  be  used,  the  form 
It  Is  to  be  l)ent  into,  and  the  size  of  the  piece 
to  Ih>  bent. 

One  of  the  many  points  to  watch  out  for 
U  to  protect  the  back  or  outside  of  the  liend. 
to  reinforce  It.  so  to  s|>eak,  while  It  Is  l»elng 
iH-nt.  so  that  it  may  not  give  way  through  a 
ruddcn  falling  of  too  much  strain  on  one 
point.  The  more  thoroughly  one  can  prottH't 
the  baik.  not  only  through  men*ly  the  prf»- 
Ilmin>irit>s  of  bemllnic  but  the  entire  proce^s. 
the  less  loss  there  is  from  breakage  and  ttie 
better  conformity   there   will   be  to  the  exact 


313 


3H 


TECHNICAL    LITERATURE 


shape  desired.  If  one  should  take  a  stick  of 
wood  and  after  it  has  been  boiled  properly  for 
bending  cut  it  up  into  short  lengths,  it  will 
be  found  that  some  sections  of  it  will  be  com- 
pressed more  readily  than  others.  It  is  this 
difference  in  compressibility  that  causes  the 
tendency    to    irregularity    in    bending.        This 


tendency  leads  to  kinks  and  ruptures  if  the 
back  is  not  properly  reinforced  by  what  are 
termed  straps  in  the  process  of  bending. 

One  should  be  prepared,  too,  to  bend  the 
stock  quickly,  that  is,  bend  it  while  it  is  fresh 
and  hot  from  the  vat;  it  bends  better  then 
than  after  it  gets  cool. 


VANADIUM  STEEL 


FROM    "THE    MINING   JOURNAL." 


Vanadium  steels  may  be  grouped  in  three 
classes:  U)  Those  containing  vanadium 
alone;  (2)  Those  with  vanadium  and  nickel; 
and  (3)  vanadium  and  chromium.  The  first 
are  usually  composed  of  0.10  to  0.15  of  car- 
bon and  0.15  to  0.25  vanadium.  Van&dium 
has  almost  as  great  effect  on  steel  as  carbon 
has,  and  the  effect  on  the  tensile  strength  of 
perfectly  pure  iron,  electrolytically  produced 
Iron,  for  example.  54,000  to  60,000  lbs.  per 
sq.  in.  by  addition  of  a  few  tenths  of  vana- 
dium, is  certainly  very  remarkable;  and  this 
phenomenon  of  obtaining  so  great  an  effect 
with  so  small  a  cause  may  be  classed  as  one  of 
the  marvels  of  science.  The  following  are 
some  interesting  results  obtained  by  addition 

of  vanadium: 

Tensile       Limit  of 

StrougtU      Elasticity 

in  lbs.  por    iu  Us.  per 

sq.  in.  sq.  In. 

Mild    steel,    low     poiwut- 

age   of    phosphorus.  .  .  ,    00,000  oo.OOO 

Mild  steel,  carbonlkiod  wiili 
cast     iron     iu     ^raphUo 

crucible    02.000  17,000 

Mild    steel.    wiUi    0.:»  ,    or 

vanadium     1>4.000  74.000 

Mild  stool,  with  I  .    of  >a- 

nadium.  not  annoalod  .  .  IoN.OOO  111'. 000 

Mild  stool,  with   l      of  mi- 

nadiuni.  not  annoalovl.  .  10-. OOO  SL'.OOO 

This  r.c  vanadium  sit'tl  Is  iisualh  t'Uiplo\o»l 
for  objoits  subjootod  to  vil»ialioiis.  as  It  in- 
sists the  offoits  of  tract  ion  avlmir.vMN 

The  second  i-lass  oi  \ana\luim  >'.vS'''*  u  iM^it 
containini?    vanadium    atul    uu  K.l.       rho    pro 
portion  is  usually  0.2  and  0  4       x.inadlum  and 
2    to    G>   uirkol.      With   iUo>o   ^toi•N   a    lousil** 


•Translated  from  the  "Revui*  hutu-^t'U'N-  " 


Strength  of  78,000  to  87,000  lbs.  per  sq.  in.  is 
obtained;  elasticity  of  55,000  to  70,000  lbs. 
per  sq.  in.  and  elongation  varying  from  30  ta 
35%.  After  tempering,  the  resistance  to  ten- 
sion and  limit  of  elasticity  attain  220,000  and 
195,000  lbs.,  and  elongation  falls  fpom  10  Uy 
Sfc.  Nickel  has  a  peculiar  action,  as  It  makes 
steel  hard  until  8%,  and  from  S%  to  15%  sa 
brittle  that  one  can  break  it  with  a  hammer; 
from  15  to  2  5 Co  extensibility  rapidly  augments 
to  become  almost  stationary.  Vanadium  makes- 
nickel  steel  more  homogeneous,  decreases 
fragility  which  nickel  tends  to  give  steel, 
though  we  must  add  that  it  is  rarely  employed 
with  more  than  8%  of  nickel.  Such  steel, 
from  the  fact  that  nickel  gives  a  very  great 
resistance  to  impact,  is  specially  suited  for 
piston  rods,  connecting  rods,  small  shafts,  etc 
in  the  third  class  of  vanadium  steels  we 
have  vanadium  chrome  steels,  the  two  best 
proportions  for  which  are  as  follows: 

Carbon     0.20  0.40% 

cnromium    1  1 

Vanadium     0.20  0.20 

Chromiuni  augments  the  resistance  to  im- 
\n\yX  aud  tonsion.  but  has  a  tendency  to  pro- 
duoo  a  \ory  hard  metal,  difficult  to  work  hot» 
aud  >\oUliui;  can  only  be  operated  successfully 
l»v  olovirivity,  owing  to  the  tendency  of  chro- 
mium lo  oxidize  and  form  slag.  Chromium 
i;i\os  a  s:ooi  ditRcult  to  cut  and  work  cold, 
an. I  iho  Caruoi;io  Steel  Company  could  find 
uiutiiTi.;  l^ottor  to  cut  this  steel  plate  than  a 
vl'.^k  roNoIviui:  at  a  very  great  rate  of  speed. 
I  his  vtisk.  0  ::.  in  diameter,  mounted  like  a 
1  uvular  s.iw.  ^'.'/.s  plates  6  ins.  thick;  a  jet  of 
vU'.iti;  pla.xs  ».ouu::ually  on  the  part  being  cut. 
X.iiKiviiMin  in  tho  proportion  of  0.15  to  0.25% 
\vvi:ioviMl.iiHos  the  tendency  of  chromium  and 
u-u'iliiaios  \-uttini:. 
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This  stt^l  U  particularly  8u liable  for  crank 
ahafu.  cranks,  propeller  shafts,  locomotive 
and  wAKon  axles.  Journals,  etc.  The  follow- 
i&C  are  results  of  experiments  which  clearly 
ahow  the  Influence  of  vanadium  on  chrome 
ateel: 


enters  the  category  of  analyzed  phenomena, 
and  that  the  studios  of  metallurgisis  will  soon 
explain  how  to  obtain  an  alloy  to  meet  a 
special  requirement.  It  also  seems  to  result 
from  all  these  flgureK — roughly  approxi- 
mate— that     vanadium     can     replace     nickel. 


Trntdlv  Hiri'iiKih.      Klastit  limit.        Kodiiriion   Elonga- 
In  lbs.  ptT  sq.  in.     In  Ibx.  per  kq.  in.    of  nn-a,  %     Uon.  % 

Mani^aneso   carbon    steel 56,U00  33,UUU  60  35 

The  same  plus  0.5%  chromium 71,000  46,000  61  33 

I'f               •*             80,000  51.000  57  SO 

u.iuv'c  vanadium     71,000  60.000  60  31 

U.lSC'f           ••          75,000  64.000  59  26 

U.L'5'>           ••           81,000  71,000  59  24 

11  chromium  and  0.159c  van- 
adium      101.000  75,000  57  24 

1';  chromium  and  0.267c  van- 
adium      128,000  104,000'  46  19 

I'i  chromium  and  0.25%  van- 
adium  tempered    178,000  148.000  48  16 

Vt  chromium  and  0.259i  van- 
adium  tempered    203,000  1SS,000  45  12 


Prom  this  we  may  conclude  that  vanadium 
fl,  which  some  years  ago  seemed  to  have 
aomewhat  marvellous  effects,  making  it  pos- 
sible for  a  tool  to  work  to  red  heat  and  cut 
shavings  of  hitherto  unknown  thickness,  now 


tungsten,  molybdenum  in  steel  alloys.  How- 
ever, owing  precisely  to  its  infancy,  we  must 
add  that  the  question  must  yet  be  studied-  to 
ascertain  how  the  qualities  of  the  metal  with- 
Ft  and  the  effects  of  wear  and  those  of  time. 
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FROM    "THK    ELECTRICAL    REVIEW."    LONDON. 


At  a  recent  meeting  of  the  Royal  Botanic 
Socloiy.  in  London.  Mr.  D.  H.  Thwaito  read  a 
paper  describing  the  new  experimental  in- 
stallation which  he  has  carried  out  at  the 
Royal  Botanic  Gardens,  Regent's  Park.  The 
author  divided  the  early  workers  on  this  sub- 
joct  into  those  who  utilized  the  effects  of  the 
arc  lifcht  on  the  leaves  of  plants,  and  those 
who  applied  electrostatic  stimuli  to  the  phmt 
and  to  the  roots  and  stalks,  in  association  with 
solar  light:  he  then  briefly  summarized  the 
results  of  their  investigations,  and  explained 
the  function  of  chlorophyll  In  the  transforma- 
tion of  inorganic  matter  into  organic  products 
ondor  the  influence  of  light  of  suitable  quality. 

"Whilst  it  may  be  broadly  suggeste<i  in  the 
direction  of  restoring  minerals  back  from 
their  organic  state  or  association  to  their 
Mineral  state,  solar  electric  energy  appears 
to  he  directed  to  the  conversion  of  minerals 


into  constituent  elements,  making  up  organic 
compounds  necessary  for  the  generation  or 
creation  of  organic  (animal  and  vegetable) 
activity  summarized   by   the  expression  Life.*' 

After  farther  discussing  the  biological 
phenomena  which  characterize  plant  growth, 
Mr.  Thwaite  concludes  that  "if  a  near  imita- 
tion of  natnral  forces  Is  to  be  secured  for  the 
artiflcial  cultivation  of  plants  and  indepen- 
dently of  the  sun  or  weather,  the  following 
agents  must  bo  assembled  and  harnessed  for 
the  common  object:  — 

"A. — An  ample  supply  of  violet  or  chem- 
ically active  rays  projecttMl  from  powerful  arc 
liKhis. 

*B.  A  supply  of  electrostatic  current  for 
atmosphoric   and   root   electrlflcatlon. 

"C.  Thr  plant  en\ironmont  of  an  atmo- 
tiphere  containing  moisture  and  COj  in  the  prcH 
portions  common  to  the  most  fertile  countries, 
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and  at  temperatures  within  the  limits  of  TO** 
F.  and  80**  F. 

'*D. — An  ideal  fertilizing  agent. 

**B. — ^An  ample  supply  of  water  for  the 
roots." 

The  S3r8tem  of  electric  culture  about  to  be 
put  to  a  practical  test  is  designed  to  produce 
the  condition  specified,  on  a  sufficiently  large 
'scale.  The  necessary  heat  and  actinic  light, 
as  well  as  the  carbon  dioxide,  moisture  and 
nitrogen  fertilizer  in  the  form  of  ammonia 
sulphate,  are  to  be  derived  from  coal;  "on 
the  perfection  of  the  combustion  of  the  coal 
or  fuel  used  depends  the  entire  economy  of 
the  system,"  and  this  perfection  can  only  be 
secured  by  converting  the  carbon  into  a  gas- 
eous condition. 

These  conditions  are  fulfilled  by  the  em- 
ployment of  a  suction  gas  producer  and  gas 
engine,  whereby  perfect  combustion  is  at- 
tained simultaneously  with  the  development 
,  of  power,  which  is  converted  into  electrical 
energy.  The  heat  absorbed  by  the  cooling 
water  in  the  cylinder  jacket  is  utilized  for 
the  purpose  of  heating  the  air  in  the  glass 
house  by  means  of  circulating  pipes,  and  the 
heat  carried  off  in  the  exhaust  gases  is  sim- 
ilarly employed  by  leading  them,  after  puri- 
fication, through  earthenware  junction  pipes 
into  the  glass  house^  with  outlets  at  suitable 
points,  so  that,  at  the  same  time,  carbon 
dioxide,  water  vapor,  oxygen  and  nitrogen  are 
supplied  in  a  heated  condition  to  the  plants, 
with  suitable  regulating  devices  at  the  points 
of  outlet  or  discharge. 

The  author  divides  the  heat  energy  of  the 
coal  as  follows:  30%  to  power  production, 
30'/r  to  jacket  water,  and  30'.;  to  waste  gases 
for  heating  purposes,  the  balance  of  lOVr  be- 
ing absorbed  in  generating  the  gas  and  in 
dissociating    the     water    introduced     into    the 


producer  into  hydrogen  and  oxygen,  which 
afterwards  recombine  and  pass  with  the  ex- 
haust gases  into  the  glass  house  as  moisture. 
The  gases  are  desulphurized,  both  before  and 
after  combusion  with  bog-iron  ore.  The  elec- 
trical energy  generated  is  used  for  feeding 
the  arc  lights.  An  electrostatic  machine 
driven  from  the  gas  engine  shaft  supplies 
energy  which  is  discharged  by  points  located 
along  the  plants,  the  object  being  the  elec- 
trification, not  only  of  the  air  of  the  glass 
house,  but  of  the  plants  and  their  roots  as 
well. 

The  power  and  heat  developed  and  the  pro- 
portion of  moisture  are  easily  controlled.  The 
arc  lights  are  equipped  with  special  reflector 
hoods,  confining  the  beam  of  light  within  nar- 
row limits  of  concentration;  the  open  end  of 
the  hood  is  closed  in  with  a  water  screen,  to 
secure  as  near  an  imitation  of  natural  solar 
effect  as  possible,  and  to  limit  the  effect  of 
the  ultra-red  rays.  The  water  can  be  colored 
if  desired.  The  hood  is  provided  with  a  chim- 
ney to  carry  off  the  nitrous  oxides  that  may 
be  produced.  The  arc  lights  are  constantly 
and  almost  imperceptibly  moved  to  and  fro 
along  the  entire  length  of  the  glass  house  by 
an  electrical  traveller. 

The  installation  will  permit  a  wide  range 
of  experiments  to  be  made,  with  a  view  to 
determining  the  conditions  to  secure  the 
maximum  degree  of  acceleration  of  plant 
growth  with  the  most  perfect  quality  and 
augmentation  of  weight  of  the  products.  The 
power  of  producing  fruit  at  any  period  of  the 
year  was  successfully  attained  by  Sir  William 
Siemens  with  a  comparatively  primitive  in- 
stallation, and  the  triple  combination  of  water- 
screened  arc  light,  electrostatic  stimulus  and 
highly  fertilizing  atmosphere  will,  it  is  hoped, 
secure  still  better   results. 


WHAT  IS  A  CHEMICAL  ENGINEER? 


PHOM    THE     -CHEMICAL   ENC.I.VEER." 


What  is  a  Chemical  Engineer?  The  Stan- 
dard Dictionary  defines  an  engineor  as  'a  per- 
son who  manages  an  enterprise."  The  civil 
engineer  is  hence  one  who  manages  a  civil 
enterprise,  such  as  the  erection  of  a  bridt;e. 
the  building  of  a  road  or  the  construction  of 


a  reservoir;  the  mechanical  engineer  is  one 
who  niana^os  a  mechanical  enterprise,  such 
an  the  biiiidint;  of  an  engine,  its  design  or 
even  its  operation:  the  mining  engineer  man- 
ages mining  enterprises,  and  the  electrical  en- 
gineer   electrical    enterprises,    etc     The    logi- 
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CAl  sUp  from  thli  li  that  the  chemical  en- 
jtec«r  la  one  who  manages,  hence  designs, 
opmitM  or  directs  chemical  enterprises,  or 
ma  much  of  any  enterprise  as  requires  for  Its 
•acceasfal  conclusion  the  application  of  chem- 
ical principles. 

Webster  defines  engineering  as  "originally 
the  art  of  managing  engines,  in  its  modem 
and  extended  sense  the  art  and  science  by 
which  the  mechanical  properties  of  matter 
Are  made  useful  to  man  in  structures  and  ma- 
chines." It  Is  very  easily  to  pass  from  this 
definition  to  that  of  chemical  engineering; 
1.  e..  as  the  science  by  which  the  chemical 
properties  of  matter  are  made  useful  to  man 
In  products  and  appliances. 

The  words  engine,  engineer  and  also  in- 
genlum,  meaning  natural  capacity,  all  come 
from  the  Greek  verb  meaning  to  produce  or 
create,  hence  the  enfsineer  is  merely  one  who 
produces  or  creates  military,  civil,  mechani- 
cal, mining  or  cbemiial  products  or  appliances. 


The  root  of  the  word  certainly  does  not  lead 
one  to  the  conclusion  that  it  is  to  be  applied 
only   in   a  mechanical  sense. 

Let  us  draw  a  parallel  between  the  me- 
chanical and  chemical  engineer  as  an  aid  to 
better  understanding.  The  mechanical  engi- 
neer.  for  example,  defines  the  physical  pro- 
portion of  a  casting,  length,  breadth  and  thick- 
ness, designing  the  dimensions  of  its  various 
parts  to  meet  the  requirements  to  which  it 
is  to  be  put.  The  chemical  engineer  on  the 
other  hand  defines  the  chemical  composition 
of  the  casting  and  specifies  the  percentages 
of  phosphorus,  sulphur,  silicon,  carbon,  etc., 
it  shall  contain.  In  a  steel  rail  the  mechani- 
cal engineer  gives  the  dimensions  of  the 
flange,  the  head  and  the  web,  but  it  is  the 
chemical  engineer  who  gives  the  steel  that 
composition  which  secures  safety  to  the  trav- 
eling public.  If  the  rail  is  not  properly  pro- 
portioned physically  it  will  fail,  and  likewise 
if  the  chemical  proportionH  are  Incorrect. 
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By  F.  N.  SPELLER 


All  processes  for  recovering  iron  from  its 
ore  have  the  first  operation  in  common  in  that 
the  blast  furnace  is  used  to  obtain  a  crude 
iron  carrying  about  5.6%  of  foreign  matter, 
which  is  afterm-ards  removed  by  further  re- 
fining until  we  have  commercial  Iron  or  steel. 
The  name  by  which  the  finished  product  is 
known  depends  more  upon  the  process  by 
which  the  refining  is  completed,  rather  than 
the  degree  of  refinement. 

For  the  manufacture  of  welded  tubes,  we 
were  limited  to  charcoal  iron  until  the  art  of 
caking  weld  steel  was  sufficiently  developed. 
At  the  present  this  steel  gives  better  results 
Ip.  melding  than  wrought  iron,  and  by  a  special 
pTOt  f-M  of  mechanical  working  which  we  ap- 
ply at,  or  near  a  welding  heat  the  texture  is 
madv  compact  and  fine  and  the  life  of  the 
tub4*s  Increased.  The  principal  characteristic 
of  charcoal  Iron,  not  possessed  by  steel,  is  the 
presence  of  1  to  2%  of  cinder.  This  cinder 
acta  as  a  flux  to  carry  away  Impurities  In  the 
raw    Iron,  but  a  certain  amount  remains  en- 


•rr*lli  • 
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pm^T  rvrentir  r^ad  before  the  Rlrhmond  Rail- 


tangled  in  the  ball  of  refined  iron  when  It  la 
withdrawn  from  the  forge.  Subsequent  ham- 
mering only  partially  removes  this  cinder. 
Microscopic  photographs  of  ctofs  tections  of 
iron  and  steel  plates  show  the  distribution  of 
the  cinder  in  wrought  iron  and  the  compara- 
tive unbroken  granular  section  of  the  steel. 
It  will  be  observed  that  there  is  no  relation 
between  the  grains  of  iron  and  the  cinder  and 
that  the  iron  is  just  as  granular  as  the  steel. 
It  is  the  presence  of  this  cinder  that  gives  iron 
itb  fibrous  appearance  when  broken,  however 
the  fibres  are  evidently  not  Iron,  but  strings 
of  cinder  which  have  no  strength  In  them- 
selves and  only  serve  to  break  up  what  would 
otherwise  be  a  continuous  and  uniform  granu- 
lar structure.  In  other  words,  weld  stvel  may 
be  cunsidered  as  hl^rhly  refined  iron  fre*^d  from 
cinder.  Charcoal  and  other  wruimht  irons 
are  finished  in  a  pasty  state  and  retain  a  cer- 
tain amount  of  cinder  imprisoned  in  the  mass, 
while  soft  steel  is  finished  in  a  molten  con- 
dition, which  permits  the  cinder,  in  virtue  of 
its  liKhint's.s.  to  rise  and  float  un  top  of  the 
molten  metal. 
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An  erroneous  idea  has  been  spread  abroad 
that  the  grains  of  iron  are  **enveloped"  in 
cinder  and  thus  protected  from  corrosion. 
The  fallacy  of  this  argument  is  plain  when  we 
see  the  true  relation  of  the  strings  and  plates 
of  cinder  to  the  grains  of  iron.  The  fact  is 
that  the  iron  * 'envelopes"  the  cinder. 

Charcoal  iron  is  naturally  less  uniform  than 
steel,  first,  on  account  of  the.  irregular  quality 
of  JLhe  pig  iron  used ;  second,  the  small  quan- 
tity made  in  one  heat,  and  third,  on  account 
of  the  large  factor  of  personal  attention  and 
ahill  required  on  the  part  of  operator.  It  is 
l>ecoming  more  and  more  difficult  to  secure 
sufficient  high  class  men  for  this  work,  for 
although  wages  have  been  advanced  mate- 
rial 1>'>  men  of  the  necessary  intelligence  can 
usually  do  better  at  other  work  of  a  less  stren* 
uous  character. 

Lap  weld  boiler  tubes  are  made  by  first 
scarfing  the  edges  of  the  plate  and  then  draw-, 
ing  through  a  die  so  shaped  as  to  lap  the 
edges  over  about  H  of  an  inch.  The  skelp 
is  next  pushed  into  a  welding  furnace  heated 
to  the  required  temperature  and  passed 
through  a  set  of  rolls.  Between  these  rolls  a 
ball  is  held  in  position  by  means  of  a  stout 
rod  over  which  the  tube  passes  on  leaving  the 
furnace.  Boiler  tubes  are  given  two  heatings 
and  two  passies  through  these  rolls  at  a  weld- 
ing heat  by  which  the  lapped  surfaces  are 
firmly  pressed  together  and  united.  The  tube 
is  finished  by  passing  through  a  similar  set 
of  rolls  slightly  smaller  in  diameter  and  with- 
out a  t>all  iuside.  aud  then  straightened  in 
cross  rolls  aud  slowly  cooled.  The  euds  which 
have  to  staud  workiug  are  auuealed  at  a 
bright  orauge  to  reduce  the  grain  caused  by 
the  welding  heat,  therebv  giving  a  greater 
margiu  of  safety  iu  e.xpaudiug  aud  rolling. 
After  weld  lug  aud  cvK>iiug.  th^  rough  euds  cut 
off  the  tubes  are  cru^eU  dowu  rtat  wiih  the 
weld  on  the  side.  U  uo  $l»;u  of  opeuiug  of 
ihe  seam  appears,  the  tube  iKisseti  ou  to  the 
inspectors,  aud  if  fv<*e  from  5*aiiav.-e  delects,  is 


subjected    to   the    specified   hydraulic     tests, 
usually  600  pounds  per  square  inch.     Samples 
are  taken  from  time  to  time  through  the  day 
on  which  standard  M.  M.  tests  are  made.     If 
the  tubes  stand  this  inspection  and  testing  snc- 
cessfully  they  are  marked  with  the  tester's  num- 
ber, length,  etCj  and  are  ready  for  shipment. 
Charcoal  iron  cannot  be  used  in  the  manu- 
facture of  seamless  tubes,  as  it  is  not  strong 
enough    or    sufficiently    uniform.      A    special 
grade  of  selected  open  hearth  steel  is  made 
for  this  purpose,  containing  about  0.17%  car- 
bon   and     99.3%    iron.    The    carbon    is     low 
enough  to  permit  of  welding  without  difficulty, 
although    the   grade   of    steel   made   for    lap 
welding  which  contains  considerably  less  than 
this  amount  of  carbon,  is  naturally  somewhat 
easier  to  weld.     The  steel  is  first  rolled  into 
round  bars  about  2  9^  to  3  inches  in  diameter 
X  30  to  40  inches  long.     These  are  heated  and 
pierced  in  a  mill  to  a  rough  tube   2  9^    to  3 
inches  in  diameter  z  5-16  inch  wall  x  7  to  8 
feet  long.     The  disks  of  the  piercing  machine 
lie  in  parallel  planes  and  are  mounted  on  the 
ends  of  shafts,  the  axial  lines  of  which  are  also 
parallel  and  lie  in  the  same  horizontal  plane. 
The   disks  revolve  in  the  same  direction,  so 
that  the  round  billet  passed  between  them  in 
contact  with  their  opposing  surfaces  has  im- 
parted to  it  a   rotary   movement,  and    if  the 
blank    is    passed    between    the    disks,    either 
slightly    above   or    below   the   plane    of   their 
axes>     it   has   imparted    to   it  a    longitudinal 
movement  also.     The  next  operation  after  re- 
heating, consists  in  passing  the  pierced  pieoe 
successively    through    rolls    somewhat   similar 
to  those  used  in  lap  welding,  with  a  mandrel 
to  maintain  the  inside  diameter.     The  ends  of 
the  partially  finished  tubes  are  now  "pointed" 
or  hammered  down  preparatory  to  cold  draw- 
iug.      After   each   draw   through   the    die   the 
tube  i:»  ;iiiaealed  and  pickled  clean,  the  final 
oi»e ration    being   a   thorough  annealing.      The 
test:»  ai> piled  to  seamless  tubes  are  the  same 
vi:»  those  described  for  welded  tubes. 
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COLOR  PHOTOGRAPHY 


yesra  of  eip«rleiice  by  the  bcI- 
BV«iiton  ■)(  Iwci  coat  I  Dents,  one 
•warda  of  modern  endeavor — Ibe 
iimipli — aeams  about  (o  be  rea- 
il*  aad  Louis  l.umlert  ot  Paris 
louDcod   Uie  perfecUoD  of  a  pro- 

llila  raault  can  be  attaloed  wlUi 
T««  ol  ■linpllclt)'  tban  had  prevl- 
lovBbt  poaalble.  Tber  have  alao 
>  lHrUi«r  the  puitllng  problem  of 
b«  |ilctar«a  on  whtte  paper  tn  the 
i  OB  Ui«  colored  negattvea. 
m  of  prlnlliiK  from  color  nega- 
r  haa  not  been  aolved  to  the  aat- 
4«nttata,  but  the  lateal  loventioaa 
t>l«ni  to  a  point  wher«>  the  rnBUlis 
«  and  aurprtalng.  They  slmpllf)' 
rf  color  photography  lo  such  an 
Boat  any  photOKrapber  may  make 
l*M,  Copies  ot  palntlDgii  and  art 
ba  prtMired  for  years  In  all  the 

tlM  orUlnal  colors.  Americana 
»  tnavIOK  picturea  of  iramlent 
ue*  ao&ael,  the  inauguration  of 
or  an  afteraoon  on  Broadway — 
■w,  fully  rolored.  were  pasalng 
The  fact  that  the  latest  InveD- 
*  ptaotom^phy   enable  artlats  and 

to  preaerve  ihelr  mndels  perma- 
S  color,  la  by  no  mtians  the  leaat 

tba  recant  renulti. 
on  ol  AuKuKc  and  Uouls  Lumler*. 
t»  export  photDsraphers  In  Paris, 
rlt-c(riorlng  or  auiochrome  plal«>*. 
IIT  avnalllvo  to  all  rays  of  all  col- 
aoapiad  to  any  ordiuary  camera. 
Kv»  taken  photographs  know,  the 
aa   ot   colon   In   a   Rc<>ne  are  de- 

timnatorred  to  a  plate.     Red  bo- 

blna  white,  and  so  on.  The  ua- 
•clple  o[  color  photography  u  to 
M*  coh>r«  In  (h«-tr  rnlailv*  values, 
toum  OD  the  plat*  shall  b«  rela- 
te n  tk«  Imac*  In  (he  eye.    H«r«- 


[ofore  thla  eSect  haa  been  ob(«lnad  by  "Bltor* 
Ing"  the  picture  through  acreens  ot  colored 
glasa  Inserted  Id  the  camera  In  front  ot  Ibe 
plate.  The  process  was  elaborato,  and  aucceaa 
depended  largely  on  the  Hclenilflc  eipertneaa 
ot  the  photogrupher.  The  Lunilcrft  Inveotlon 
coDSlala  In  placing  a  layer  of  colored  grains 
In  froDl  of  the  senaKlve  material  on  the  plate, 
thua  maklDg  color  photography  as  simple,  rel- 
atively, aa  taking  an  ordinary  picture.  The 
fCralDs  not  of  the  color  of  the  objprt  photo- 
graphed are  maalted  by  a  blackening  ot  the 
aenslilve  material,  and  the  Rralna  remaining 
flslble.   therefore,   represent   the   color   of  Iha 

The  grolnB  are  made  ol  potato  Hour  ground 
up  until  the  particles  are  about  4-lOODtb  at 
an  Inch  In  diameter.  These  are  colorMl  green, 
violet  and  orange,  aod  are  thoroughly  mixed 
aod  laid  on  the  plate.  Then  the  minute  spaces 
between  (he  gralna  are  flUed  with  an  e:scee<l> 
liigly   flne   chnrcnal   duil. 

I'bo  green,  violet  and  orange  thua  placed  oB 
the  plate  are  the  complementary  thadea  of  tli« 
primary  colors,  which  are  red,  yellow  and  o^ 
ange.  In  the  negative  the  red  of  nature  a^ 
pears  aa  green,  the  yellow  as  violet,  and  tM 
bine  aa  orange.  The  gralna  are  tranaparent, 
l>ermlttlng  (he  light  to  pass  through  them  to 
(be  MDsKlve  pla(e,  but  modifying  It  by  tbeir 
color,  and  preaervlng  the  r->lBtlve  valoea  of  tta* 
tlnla  In  the  original  aceoe. 

It  la  In  the  development  of  iho  platea,  how- 
ever, that  (he  LumlerA  process  la  conaldered 
most  Interesdng  by  srlendata.  The  novelty  o( 
Ihelr  Invention  ts  their  method  of  convertliit 
(be  negative  Into  a  positive,  and  obialning  a 
single  colored  photograph  on  glaH,  They  do 
not  destroy  the  allver  bromide  on  the  plat*, 
aa  Is  asually  the  case,  but  ptare  the  plate  la 
a  bath,  deatroy  the  negadvo.  and  derelop  UM 
rest  of  tbo  allrer  aalt  Into  a  positive. 

The  Lumterf  proceaa  Is  beat  nnderatood  by 
foltowlng  It  from  the  moment  the  raya  of  Ilgkt 
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pasa  into  the  camera  until  the  colored  photo- 
graph is  shown  on  the  finished  plate.  The  ex- 
ample selected  for  the  French  accounts  of  the 
inyention  is  the  flag  of  that  nation,  in  blue, 
white,  and  red. 

As  the  rays  from  the  blue  part  of  the  flag 
pass  to  the  plate,  they  are  absorbed  by  the 
orange  grains  on  the  film,  while  the  green  and 
violet  rays  permit  the  light  to  act  on  the  sensi- 
tive  medium.  In  developing,  the  bromide  of 
silver  will  blacken  under  the  grreen  and  violet 
grrains,  which  the  medium  will  mask,  and 
leave  transparent  only  the  orange  grains.  The 
raye  from  the  white  in  the  flag  will  not  be  ab- 
sorbed, and  will  blacken  the  sensitive  layer 
under  all  the  colored  grains.  The  ra}'s  from 
the  red  will  be  absorbed  by  the  green  grains, 
the  latter  remaining  transparent.  These  rays 
will  afFect  the  bromide  of  silver,  under  the 
violet  and  orange  grains,  which  will  be  hid- 
den, leaving  the  green  visible.  The  plate 
then  gives  the  complementary  colors  of  the 
original,  and  the  flag  seems  to  be  three 
strips  of  orange,  black,  and  green,  respec- 
Ively. 

The  reduced  silver  is  dissolved  by  the  per- 
manganate of  potash  process,  and  then  the 
negative  is  transformed  to  a  positive,  in  the 
sunlight,  thus  reproducing  the  colors  of  the 
original  with   absolute  accuracy. 

The  reduced  bromide  of  silver  in  the  sec- 
tion of  orange,  which  obscures  the  violet  and 
green  grains,  has  been  dissolved  under  the 
action  of  the  permanganate  of  silver,  and,  in 
the  second  development,  the  bromide  of  silver 
not  reduced  blackens  •  under  the  orange 
grains.     These  being  masked,  and  the  violet- 


green  grains  now  being  exposed,  the  two  com- 
bined give  the  impression  of  blue. 

The  white  will  be  formed  by  all  the  reduced 
silver  being  dissolved  in  the  black  zone,  thus 
reproducing  the  three  primary,  elements — or- 
ange, green  and  violet. 

The  third,  or  red,  section  of  the  flag  is  rep- 
resented at  this  stage  in  the  development  by 
what  seems  to  be  a  block  of  grreen.  The  green 
grains  are  masked  by  the  second  development, 
and  the  illusion  of  red  is  produced  by  the 
mixture  of  the  violet  and  orange  grains. 

American  experimenters  in  color  pho- 
tography, while  admitting  the  novelty  in  this 
process  of  development,  question  the  origi- 
nality of  the  Lumierd  invention,  and  are  es- 
pecially sceptical  regarding  the  claim  that  the 
French  photographers  can  print  from  these 
colored  negatives  photographs  on  paper,  which 
will  have  even  the  approximate  brilliancy  of 
the  original  plates. 

An  expert  in  this  city,  to  whom  the  theory 
was  submitted  last  week,  said  that  color  pho- 
tography had  not  yet  been  developed  to  the 
point  where  colored  negatives  could  be  re- 
produced on  paper  with  satisfactory  results 
by  photographic  processes. 

Even  the  best  paper,  he  explained,  only 
contains  from  50  to  75  per  cent,  of  the  full 
illuminating  qualities  of  light.  While  trans- 
ferring the  colors  to  this  surface,  each  must 
lose  a  large  part  of  its  original  value,  the 
white  being  a  combination  of  the  rays.  The 
result,  he  added,  was  a  loss  of  color  so  ma- 
terial that  it  was  next  to  impossible  to  repro- 
duce the  brilliant  tints  of  the  original. — **New 
York  Times." 


LIGHTNING  AND  THE  POSSIBILITIES  OF  ITS  UTILIZATION 


Having  harnessed  the  streams  and  even  con- 
verted wave  force  into  elociriclty,  the  modern 
physical  scientists  have  undortakou  to  make 
a  more"  careful  study  of  the  phenomoua  of 
lightning  in  the  clouds  with  a  vlow  to  possible 
utilization  for  industrial  purposes.  To  the 
electriciiin  the  play  ol^  lightnlni;  soonis  like  a 
great  was:e  of  energy.  An  oKHirlca!  ^torln 
posrsosses  enough  potential  energy  to  drive  a 
good  many  factory  wheels.  A  li^htnin-.:  flash 
6ev^.ral  niil^s  long  easts  athwart  tlie  rait'.i  an 
illun.inaiion  so  great  anil  intense  that  our 
highest  developed  eleotrioal  lan'ps  .-coin  iu^i^- 
niti«\int  in  comparison. 

Ketently  a  brilliant  t^Kvtric  tlash  un  a  cloudy 
dav  has  been  estimated  to  give  light  equal  to 


one-foot  candle  power,  and  if  one  watt  is  al* 
lowed  per  candle  foot  a  flash  of  lightning  a 
space  of  two  miles  would  represent  an  ex- 
pended energy  of  some  10,000  kilowatt  sec- 
onds. Imagine  an  artificial  lamp  produced  by 
man's  ingenuity  capable  of  spreading  an  illu- 
iiii nation  like  this  through  space!  The  flash 
til  rough  space  illuminates  two  miles  square  of 
».irth.  which  would  require  many  hundred 
j.:0':<anvl  inoandosoent  lamps  to  equal. 

Vrv.  rliat  we  have  many  misconceptions 
;  ■  ■^•.;i  !ii:htn:ni:  is  apparent  from  recent  in- 
\«^>ti:;atIous.  A  '.i^htning  tlash  frequently  ex- 
tends over  several  miles  of  spaie.  A  single 
il.isli  of  |o.»'«>i\  volts  an  inch  would  thus  re- 
quire  a    potential    differeme   of   about    l,200i- 
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0  volts   for  the   entire   length   of   two 
Such  a  voltage  In  the  clouds  is  almost 

livable.  It  is  not  in  accord  with  all  of 
MM  o(  the  nature  of  electricity, 
lould,  so  far  as  we  can  conceive,  annihi- 
loie  communities  and  destroy  all  human 
Lhln  a  radius  of  many  miles  of  the  light- 
ish. Aside  from  the  queutiun  of  killing 
the  voltage,  it  would  mean  a  frightful 
of  nitric  acid.     Far  less  than  a  fraction 

1  enormous  voltage  would  electrically 
down  the  air  and  produce  ozone  and 
scid.  That  Is,  the  molecules  of  the  air 
isoclated  and  recombined.  What  would 
unfortunate  condition  of  the  Inhabitanis 

district  where  a  lightning  flash  caused 
59  of  nitric  acid  is  something  not  pleas* 
contemplate. 

such  does  not  happen.  Ever  since  man 
tiabited  the  earth  violent  thunderstorms 
tctrical  flashes  have  broken  the  nionot- 

summer's  heat,  and  so  far  as  the  rec- 
low  no  remarkable  visitation  uf  unusual 
ties  has  resulted  therefrom.  Yet  the 
oena  of  the  lightning  flash  have  puzzled 
lU.  They  could  not  understand  why 
tnd  nitric  acid  wero  not  formed  in  enor> 
luantiiles  by  even  an  ordinary  flush. 
the  set-ret  of  It  now  appears  to  be  that 
«■  are  not  capable  of  recording  accu- 
this  peculiar  phenomenon  of  the  heav- 
t  Is  all  an  optical  illusion,  this  watchin.^ 

of  lightning.  It  is  not  one  violent  dis- 
.  but  a  series.  A  flash  two  or  more 
in  length  is  made  up  of  thirty  to  flfty 
dve  discharges,  occurring  ^o  rapidly  that 
ppearanco  seems  almost  slniuliaueous  to 
t.  An  impression  on  the  human  <  ye  per- 
>r  only  0.1  second,  and  it  «anno:  ntoas- 
ythlng  less  than  this.  Consoquontly  if  a 
»f  lightning  Is  only  one  ono-ihousandth 
»coud  in  duration  we  cannot  distinguish 
1  one  persisting  only  u.i  seroml.  Herein 
re  the  secret  of  our  misconception  comes 

camera  measures  light  murh  more  ac- 
y  and  sensitively  than  our  naked  eyes, 
photographs  of  lightning  flashes  have 
laken  which  show  that  sucressive  dis- 
s  make  up  a  flash  which  is  a  mile  or 
n  length,  in  other  words,  there  is  rarely 
ngle  flash,  tiut  a  series  of  disruptions. 
I  ting  ram  ems  as  many  as  forty  succes- 
ishes  ha\e  lic*en  recorded  in  a  two-mile 
rge.  the  whole  lasting  le.ss  than  six- 
of  a  secoBd. 
being   the   case,   a    lightning   flash   of 


several  miles  in  length  may  occur  without  cre- 
ating any  great  potential  dltference  in  the 
ends.  The  action  of  a  discharge  is  much  like 
a  landslide  down  a  steep  sand  hill.  A  slight 
movement  of  a  pebble  may  start  several  other 
particles  downward  until  the  movement  be- 
comes general,  and  a  landslide  follows.  A 
slight  discharge  of  electricity  from  a  cloud  is 
followed  by  another  and  another  until  the  to- 
tal let  loose  is  enormous.  But  the  total  volt- 
oge  discharged  at  any  one  time  is  relati\eiy 
small,  possibly  50,000  volts  a  foot  at  the  mo- 
ment of  discharge,  with  an  average  potential 
difference  between  different  points  of  the  cloud 
of  50.000,000. volts. 

Sensitive  recording  Instruments  have  begun 
to  measure  the  lightning  flashes,  and  in  this 
way  our  knowledge  concerning  the  electrical 
discharges  of  the  clouds  is  being  made  more 
accurate.  For  instance,  it  Is  pretty  well  known 
now  that  the  duration  of  the  discharge  is  about 
one-five-hundred-thousandth  of  a  second,  a 
duration  that  is  utterly  incomprehensible  to 
the  human  mind.  The  average  energy  of  the 
discharge  at  10,000  kilowatt  seconds  would  be 
equal  to  7.000.000  foot-pounds  expressed  in 
simpler  language. 

If  we  accept  this  potential  energy  of  a  flash 
of  lightning,  constituted  as  it  is  of  a  series  ot 
almost  simultaneous  discharges,  we  might 
translate  it  into  even  plainer  language  by 
showing  what  it  could  do  if  it  was  directed, 
toward  some  useful  work.  In  electrical  scl^- 
ence  we  speak  of  the  kilowatt  hour  instead  of 
the  kilowatt  second.  We  know  approximatetjr 
v.'hut  can  be  accomplished  by  a  kilowatt  hour 
when  elei'tricity  is  harnessed  to  perform  dif- 
ferent work.  On  this  basis  of  computation  the 
potential  energy  of  our  flash  of  lightning  In 
the  clouds  could  perform  some  marvelous  feats 
in  the  industrial  world. 

Approximately  it  could  saw  i>lt0  feet  of  deal 
timber  if  harnessed  to  a  mill  to  drive  a  modern 
circular  saw,  or  it  could  l»e  used  to  sharpen 
14.000  knives  if  used  for  driving  a  grindstone. 
It  has  bufllciont  |>otential  energy  to  carry  you 
some  nine  miles  in  an  ele<'trical  automobile  If 
properly  harnessed  and  used  for  this  purpose. 
It  could  pump  100  gallons  of  water  to  a  height 
of  twenty-flve  /eet  something  like  three  times. 

Of  course,  there'is  no  limit  to  what  the  flash 
of  lightning  could  do  if  properly  harnessed 
and  its  |>otentln1  energy  stored  so  that  it  could 
be  u^ed  for  driving  machinery,  itu  usefulness 
would  be  limited  only  by  the  machinery  in- 
venttHl  for  doing  man's  work,  and  this,  as  we 
all  know,  is  sufficiently  varied  to  include  ml* 
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moat  every  known  labor.  When  Benjamin 
Franklin  first  tried  to  bottle  up  the  lightning 
of  the  clouds  he  probably  had  no  adequate 
knowledge  of  its  potential  energy,  and  even 
until  very  recently  it  was  largely  guesswork 
as  to  what  force  or  energy  a  single  electrical 
discharge  on  the  clouds  represented. 

If  the  day  should  ever  come  when  such  elec- 
trical discharges  could  be  harnessed  and  used 
to  do  work  for  man,  a  summer  thunderstorm 


would  become  a  commercial  possibility  that 
would  attract  the  greedy.  It  would  be  a  scram- 
ble then  to  gather  the  lightning  of  every  storm 
before  a  rival  could  get  ahead  of  you.  Legis- 
lation might  then  have  to  be  enacted  to  pro- 
tect us  from  having  our  chief  summer  displays 
of  heavenly  fireworks  destroyed,  much  as  we 
have  had  to  pass  laws  to  prevent  the  destruc- 
tion of  Niagara  by  the  electrical  power  com- 
panies.— ''New  York  Times." 


RADIUM  AND  THE  TRANSMUTATION  OF  THE  ELEMENTS 


Ten  \oars  ago  an  intrepid  Polish  woman 
and  her  brilliant  Parisian  husband.  Prof. 
Curie.  announctHi  a  discovery  that  startled  u 
world  docustomed  to  wonders.  Radium  is  even 
more  remarkable  today  than  phosphorus  was 
lo  those  seventeenth  century  alchemists.  It 
has  caused  such  astonishment  that  we  have  so 
far  btvii  unable  to  coin  an  udjeetive  sutficieutly 
<lescriptive.  li  >;lows  in  the  dark:  it  is  al- 
ways holler  ihau  its  surroundings:  it  charges 
bodies  eleciricatl>  \ihen  they  are  near;  it  dis- 
chariies  l»ovlies  already  char}:ed  with  e!ecir;c- 
i:> .  dud  i:  wii>iaiu*y  j;iYes  off  a  s*is  calUsi  an 
*  ouia nation"  b>  Kuthertord.  iis  discoverer. 
This  ei*j:i!univ>u  jioes  ihrv»ii}ih  a  iiuJii'oe:*  of 
c  La  Uses,   e  \  e :::  ii  wi '. '.  >    :  o  r  ui  i  u  5;  h  e  I  i  v:  lu . 
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ticn  through  several  steps  to  helium  gives  out 
an  enormous  amount  of  energy,  vastly  greater 
than  in  any  process  previously  known  to  mctn. 
A  comparative  idea  of  this  is  had  from  calcu- 
lations that  have  been  made.     A  pound  of  the 
purest  coal  when  burned  in  pure  oxygen  pro- 
duces  enough    energy    to    lift    its   weight   two 
tuous;ind  miles,  or  say  from  New  York  to  Ven- 
ezuela.    A  pound  of  hydrogen  burned   under 
similar  conditions,  a  most  violent  chemical  re- 
action. £:enerates  heat  enough  to  lift  its  weight 
ei^hi  thousand  miles,  or  say  to  Honolulu.     A 
^tmilar  aiuouni  of  radium,  without  any  burn- 
in  i;.  produces  enough  energy  to  lift  itself  to  the 
orL«ii  oif  Ne;;«cuue.  or  thirty  times  the  distance 
::oiu   I  he  ear:h   10   the  sun.     The  decomposi- 
tion of  the  emanation  produces  by  far  a  great- 
e:-  vor::o:i  of  'his  energy.     Surely  such  forces 
oi-era:::.^  uvon  u:a::er  should  cause  events  to 
vov.e   -.o   vj.ss    with   which  man  is  unfamiliar. 
Iv.Uv.i.  >.^  ^a"  s^;arcely  foretell  chem,  although 
■'  :-.l^.     o:'.,Te  ^^I'.vi  :l:a:  "most  molecules — prob- 
...">    .1        a.-e   wrv- ked  by  intense  heat,  or  in 
\v.»-aU  v>    '•^-.t'lise  vibratory  motion,  and 
-i.v   w:-^vi-.\i    .y   a  very  impure  heat  o( 
V'.vo-    ,;Ma  .::  Hers<:hel.  in   fact,   as  a 

,•-    ^-^  sv.;iy    0;  ^he  temperature  of  the 
•      »':•..•  '.r  .-   •■2-?    'a:om  has  the  stamp 
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.i:.i:-. .-:;  :>  ;:;a«:ed  in  a  dry  ves- 
.•0^^::     ■:•:.'    helium,   as    Ramsay. 
:  >    VI  v^  vrov*?d.      Ramsay  has 
1      ■.  ^.:i    -2c*   emanation   breaks 
■.>•.:■:•   j:   wi:er.  neon,  one  of 
.  ;  ■  v:!*.<  T.Miad  by  him  In  the 
'^  ■.■!     ""e  emanation  is  al- 
lo^iV^^l     .•    >:vai    i  .-* ::     -    x   solution   of   blue 
^"  ■•  '«.i    s:i  vria  y.    Arifon   is   the   lazy 

sas     -.xN.i  i-.w:.       Oa-*    .■:    •.;-:<^   is   ftve  and   the 
oth^M    :eu      iTjjt's    j.s    =^,^av;.     ^^   h^Uam.     We 
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id  expect  the  argon  and  neon  thus  pro- 
I  to  continue  breaking  down  until  helium 
lained.  We  hare  not  been  informed  on 
point  aa  yet,  but  we  do  know  that  theae 
iBta  obtained  from  other  sourcea  have  not 
t  been  obaerred  In  such  a  temporary  state. 
•  moat  remarkable  part  of  Ramsay's  ob- 
Uon,  however,  was  concerned  with  the 
I  left  behind.  When  the  copper  was  re- 
d  from  the  solution,  lithium  was  detected 
e  rceidne  by  means  of  the  spectroscope, 
was  not  the  case  when  copper  was  re- 
d  from  a  similar  solution   before  treat- 

wtth  the  emanation.  Gold,  silver,  cop- 
and  lithium  are  members  of  one  of  the 
lied  chemical  families.  Lithium  is  the 
tier  with  the  least  atomic  weight,  being 
ilnth   that   of  copper.      Evidently,   there- 

the  powerful  eniauation  had  brought  a 
idation  of  the  copper,  the  element  copper 
leen  transmuted  into  the  element  lithium 

justice   to   Kamsay   it   should   be   stated 

he  actually  makes  no  real  claim  to  what 

Eenerally   been  understood  as   transmuta- 

Eapeolally   does   be    maintain    that    his 

has  no  connei*tion  with  the  current  ac- 
tion of  the  term,  namely,  the  conversion 
rer  into  gold.  He  calls  It  degeneration  of 
Hement  into  another.  Now.  If  silver  is 
a  little  more  than  half  as  heavy  as  gold, 
quently  such  a  conversion  would  be  a  re- 
ef his  claims.  It  may  be  well  to  remind 
pader  that  Em  mens  in  this  country  made 

to  this  reverse  process,  and  the  claims 
Ter>'  widely  heralded.  The  basis  of  Em- 
's claims  were  as  followH*.  Silver  is  10.5 
Kold    19.3   times  as   heavy   as  equal   vol- 

of  water.  If  by  some  mechanical  device 
lent    pressure    could    be   exerted    upon    a 


definite  volume  of  silver,  so  that  it  occupied 
one-half  of  its  former  volume  then  we  should 
have  silver  19.3  times  as  heavy  aa  an  equal 
volume  of  water,  the  same  as  gold.  This  was 
called  "argentaurum,"  a  word  coined  from  the 
I^tln  names  for  silver  (argentum)  and  gold 
(aurum.)  Although  it  was  claimed  that  the 
United  States  mint  accepted  this  "argentau- 
rum"  for  gold  at  full  price,  we  are  not  aware 
that  it  has  played  any  part  in  changing  the 
standard  of  values  in  commerce. 

Can  this  emanation  be  Bacon's  "philoso- 
pher's stone"  reversed?  If  so,  is  there  any 
way  of  taking  the  fairly  abundant  elementa  of 
comparatively  low  atomic  weights,  like  calcium 
(from  lime),  aluminum  (from  clay),  or  cop- 
per even,  and  so  saturate  it  with  energy  that 
it  acquires  properties  like  radium  or  platinum 
or  gold? 

Most  writers  on  radium  think  such  an  ac- 
cumulation of  energy  as  shall  be  sufficient  to 
build  up  that  substance  impossible,  at  least 
with  our  known  agencies.  The  author,  how- 
ever. Is  not  BO  sure  of  it  from  certain  experi- 
ments not  yet  completed.  A  hundred  years 
ago  the  telephone,  with  its  present  perfection, 
was  a  wild  dream.  Twenty-five  years  ago  the 
communication  of  continent  with  continent 
was  beyond  comprehension.  Fifteen  years  ago 
if  any  one  had  said  we  should  soon  be  able  to 
see  the  bony  ntructure  of  the  body  through 
itH  fleshy  covering  and  envelope  of  clothing, 
ho  would  have  been  thought  a  fit  and  proper 
subject  fur  an  asylum.  Yet.  now  we  have  the 
X-rays.  Some  wild  dreams  have  come  true. 
That,  however,  is  no  reason  for  assuming  that 
all  the  pictures  a  fertile  Imagination  may  lay 
out  are  to  become  verities.- -Charles  Dasker- 
ville.  Ph.D..  in  the  'New  York  Times.' 
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Mul  Thomas  H.  Norton,  writing  in  the 
Consular  Reports  from  Chemnltx.  says 
ibe  confidence  of  German  manufacturers 
ea  in  the  resistance  of  their  wares  against 
try  safe-blowing  operations  has  been 
f  shaken  by  the  ret-ent  achievements  of 
^  anaided  robl>er  In  Dresden  and  other 
The  details  of  his  last  operation  are  as 


In  a  hotel  a  room  was  secured,  which  was 
situated  ininuHi lately  above  the  ofllce  of  a 
money  changer.  At  night  a  hole  was  pieri*ed 
in  the  ceiling  of  this  office.  By  the  use  of  a 
drill  and  saw  a  circular  piece  of  the  flooring 
was  easily  raised.  Beneath  lay  a  thick  layer 
of  c(>nient.  A  small  orifice  was  made  in  this 
and  an  umbrella  shoved  down  into  the  space 
below.      The    umbrella    was    attached    firmly 
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from  ftboYe,  and  when  opened  received  without 
nolM  all  the  fragments  of  cement  which  were 
dislodged  as  the  hole  was  enlarged  so  as  to 
allow  of  the  easy  passage  of  a  person.  By 
means  of  a  rope  ladder  the  descent  was  readily 
made  into  the  office  below.  Curtains  were 
drawn  and  with  heavy  blankets  a  tent  was 
constructed  around  the  safe  so  thick  that  no 
ray  of  light  could  pass  through.  Next  the  rob- 
ber brought  down  two  cylinders  of  compressed 
oxygen  and  an  acetylene  generator  charged 
with  calcium  carbide  and  water.  With  these 
he  was  able  to  produce  a  blowpipe  flame  of 
such  intensity  that  steel  fuses  in  it  like  lead 
In  an  ordinary  gas  Jet.  It  required  but  a  brief 
space  of  time  to  melt  away  so  much  of  the 
door  that  all  the  contents  of  the  safe  were  ac- 
cessible. They  were  carried  to  the  room  above. 
At  an  early  hour  the  robber  left  his  lodgings 
and  disappeared  without  trace. 

It  is  evident  from  this  experience  that  the 
builders  of  safes  must  provide  for  new  contin- 
gencies in  their  constructions.  The  simple, 
light,  acetylene  generators,  now  in  widespread 
use,  and  the  equally  simple  oxj'gen  generators, 
charged  with  water  and  sodium  peroxide,  or 
the  heavier  cylinders  of  compressed  oxygen, 
place  at  the  servii^  of  the  iutelli^out  crtH>k  the 
possibilities  of  openiut;  the  strous:est  sates  in 
existence  rapidly  and  uoiseU^ssly.  provided  the 
operator  can  be  screenevl  frv>m  observation. 

Some  large  safe*  are  so  disposxM  that  they 
are  under  frequent  observation  by  watchmen 
looking  throua;h  windows.  Tsually  :hls  obser- 
vation is  cc»ndr.ed  to  The  dooi-s  of  bank  vaults 
or  :he  like.  A!:hoiii:h  in  ^he  vase  of  globular 
safes  i:  vrAC.U-jil'y  ex'o'.ivls  tv»  a",  exposevl  sides. 
In  tii.e  5:r^.i:er  ii!a:oi'''>  of  oasos  exlstius;  saf<*s 
wo-M  o:!tVL-  uox:  to  I'.o  vlvi*\ou':y  u>  a  skilfiil 
crawksn-Liu  if  aVlo  :o  work  wi:^o'.i:  ^oill?;  >t*ov.. 
It  is  eM'ieu:  •,^,i:  onm'.ovs  ^m".  Ve  foivovl  ^o'.'vc- 
f or t  h   '.  c*   ;i  J o  V :    >  ■,;  o^    v.'.  ■,' .i  s '.;  '■  os   a  'i    vm  ' '.    v.* ^l .-.  .\' 


to  a  minimum  all  possibilities  of  access  to 
free-standing,  movable  safes  or  the  hidden 
sides  of  safes,  embedded  in  cement  or  ma- 
sonry. 

Manufacturers  of  safes  will,  on  the  contrary^ 
be  Impelled  to  fight  the  scientific  burglar  with 
his  own  weapons.  In  somewhat  the  same 
fashion  by  which  time  locks  prevent  the  open- 
ing of  the  lock  of  a  safe  during  certain  hours 
it  will  be  comparatively  easy  to  introduce  into 
safe  construction  chemico-mechanlcal  devices 
which,  during  a  limited  time,  would  render  it 
either  fatal  or  physically  impossible  to  remain 
in  the  vicinity  of  a  safe  or  vault  were  the 
walls  or  door  tampered  with  to  such  an  extent 
as  to  allow  access  to  the  interior.  By  the  use 
of  a  very  simple  form  of  apparatus  containing 
potassium  cyanide  and  sulphuric  acid  a  robber 
would  expose  himself  to  the  deadly  fumes  of 
prussic  acid. 

Less  dangerous,  through  possibilities  of  ac- 
cident to  those  regularly  using  a  safe,  would 
be  the  employment  of  substances  crippling  a 
safe  blower  or  forcing  him  to  an  instantaneous 
retreat.  The  volatilization  of  a  few  drops  of 
ethyl-dichlor-acetate  would  cause  such  profuse 
and  persistent  weeping  that  one  in  the  immedi- 
ate neighborhood  would  be  temporarily  blind- 
ed if  he  persisted  In  remaining.  The  breaking 
of  a  tut>e  of  liquid  ammonia  would  render  im- 
mediate withdrawal  Imperative  under  peril  of 
suffocation.  Several  similar  compounds  are  at 
the  service  of  constructors.  Eventually  the 
daring  burglar  with  sufficient  scientific  traln- 
LUa:  mi^ht  venture  to  face  the  unknown  dan- 
j^ers  of  a  safe  well  provided  with  more  or  less 
c'ffeotive  neutralizing  agents  for  the  concealed 
Vos;?:^i*i:ies  of  defence:  but  certainly  for  some 
:  ivt'.  a:  s*ii:ht  expense.  eCTective  protection 
\.iv  ^v  .*v\isr:xl  against  the  attack  of  the  sclen- 
'.'?:  v-:  .Kks'.vA!'  w::h  bis  portable  oxy-acetylene 


gjG'g^.aiia 


tuljtlc  rickUnii  ut  8lwl, — The  harileiit 
I  b*  r«iuo*«(l  [roiu  Iron  nod  »tee\  In 
Imiua,  br  etnploxltiK  ftn  electrolytic 
I  Ibo  motjil  Is  lb«  otthoda.  In 
I  Ui«  Mid  Mlutlon  1b  at  60  C.  anil 
IBc  grarllf  of  I.7S.  Tho  ciirrenl 
\  oC  lk«  catbode  Ik  1.4  amp.  por  rq.  Id. 


ITafcr  Bu«M  aad  KiMtruljUc  Aotlos. — 

U    subj«cted    aliDDltaneoaBly    to 

•Ivctrolrtlc    action,    ttiare    la    no 

Ib  tbe  e.  m.  (.  ot  eleclrolrala  rwuKlng 

In  atnaa  b«tow  the  elastic  Itmlt. 

Uw  alaatlc   limit   tbe   ToliHKe   required 

ilrtlc  artlon  rla«s,   but  niter  rgpture 

m.  L  ImmedUtely  falla  to  normal. 


Brtiuw. — According    to    Wm,    O. 
ir.  ■■   "Tbe   BDKlne«r"    iCblragnl.  kooJ 
rubber  belting  made  with   30- 
lOd   n«w    (not   rer.lnlmed  Tulcanlicdl 
i  ■  tblrkntia  ut  about    ]. 
aafff  worklns  airaln  for  n  b«lt  1  In. 
'«iite«  from  IB  Ibe.  i>er  plf  lor  a  3- 
■p  to  18  Iba.  for  an  &-l)l>*  belt. 


I  mt    »    SOO-HP.    IMbmH    Oil    Eaclne. — 

tda  at  Uie  worka  of  Suiter  Bros..  Wln- 

■,  on  an  oniclna  of  ihli  raparltj',  iibow«d 

mptkm   at   9A3    lb.    ot  crude   oil    p«r 

wpom^t  at   full   load,   O.Ul    lb.   at 

tnd  0,144   lb.  at  qaaner  load.     Tbo 

4  a  calorlAc  value  of  IS.BZ3   B.  T. 

.,  BwklU  tbe  actual  thermal  «fncien- 

^C  at  ruu  iMd. 

I  la  tha  name  clvvn  to  an  nliuy.  re- 
Ukt  out  Id  Ovrmanr,  which  1>  com- 
I  two  part*  of  aluminum  and  one  part 
la  aaM  to  aqual  cait  Iron  In 
.  but  l«  much  more  elaalic.  Attune 
r  beranaa  It  doM  not  ruat  aa  easily 
i  Iron,  and  II  ukrn  a  hlsh  polUh.  Bo- 
tag  vafT  atninB,  ihU  now  allor  la  capa> 
iniiW  oat  ibB  moat  delicate  lloea  and 
r  ttrma  In  caaUns. 


l>«lecUon    nf    ^wer    Uaa. — Ttii-    '  Ani«rU- 
ADalyHt"  glvoH  thu  lollowing  tu>i   far  tbe  de- 
iLt'llon  la  an  apariinent  of  auwitr  gaai     t 
rate   uuglaaed    paper    with    a   aolutlon   of 
troy    ounre    ot    purn    arulaln   o(    load    In    « 
iluld  ouDcea  of  rnlu  water;  let  It  partially  dry/ 
then  eipoav  Id  th«  room  Riiipail4>d  a(  tontaln- 
Ing  sewer   gaa.      The   preaence  ot   gaa   In 
considerable   qunnUty   aoon   blackvna   the 
paper. 


To  Pnriry  IMnUng  Wxor. — M.  Lunbert 
propoaea.  In  the  "BrItUh  and  Colonial  Drag* 
gist. "  to  add  G  cgms.  ot  pormanganate  ot  pot- 
ash to  each  titer.  Thla  ahould  be  left  ten  mln> 
uiea.  after  which  10  cgmi.  ot  manganoua  sn^ 
phale  abould  be  added.  Tbia  predpliatoi  all 
germa  and  Impurlllea  to  thn  bottom  of  tho 
veuel.  Curefuily  d«canied  tbU  «lll  ih« 
"water  not  conuinlng  a  alngln  microbe, 
pid.  colorleati.  of  pleaaanl  laaie,  aDd 
richer  In  ox)*K«n  than  ordinary  water." 


Ilewtlug    whb    Ethauat    tMewni.— Aocordlns 

lo  Mr.  F.  W.  Bollard.  In  a  paper  recently 
by  him  liefare  tbo  Ohio  Society  ot  Uecbanlcal, 
moctrlcal  and  Steam  Bngloeers.  about 
B.T.U.  ar«  radliil^  per  hour  per  aquar*  foot 
of  rndlnlton.  vh«n  a  full  brad  ot  oxhauaL 
Kieam  1b  malDtulned  upon  ibe  radiator*.  One 
IMiiind  ot  exhaust  ateam  will  aupply  about  t 
tq.  It.  ot  rudlstluu.  Aanumlng  that  Lhv  en- 
Rtnen  In  the  pownr  plant  conaunia  30  Iba.  ot 
Meani  per  HI*. -hour,  then  1  TIT.  capadiy  tB 
tbe  |>ow«r  plant  will  furolah  ezbauai  ataaa 
enough. to  boat  45D  aq.  ft.  of  oSleea,  COO  aq. 
tl.  In   ihB  factory,  or  900  aq.   ft.  In  tbe  wmre- 

LmmI  Wool,  or  shredded  lead  la  now  extea- 
alTeIr  oaed  tor  Jointing  lengtba  of  plpaa  Id 
place  of  the  cnmbersome  and  wasteful  methiMl 
ot  pouring  molten  lead  laalde  tbe  }oInt  aod 
calking  after  It  has  cooled.  I^oad  wool  la  tur- 
nlahed  bj  the  United  Lead  Co.  In  stranda. 
which  are  toroed  Into  the  Joint  after  the  yam 
baa  been  put  Into  place.     Back  layer  la  Drmlj 
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calked  as  it  la  put  In,  the  result  being  a  tight, 
solid  joint.  Joints  can  be  made  under  water 
or  in  the  rain,  and  the  pipes  may  lie  in  any 
position  whatever.  Such  work  is  evidently  im- 
possible with  the  molten  lead  method,  for  lead 
cannot  be  poured  up-hill  nor  in  the  presence  of 
moisture. 


Atomic  Weds^ht  of  Radium. — Madame  Curid 
has  made  new  researches  to  determine  the 
atomic  weight  of  radium.  The  method  em- 
ployed consists  in  quantitatively  analyzing,  in 
form  of  silver  chloride,  the  chlorine  contained 
in  a  known  weight  of  anhydrous  radium 
chloride.  Acording  to  the  old  experiments, 
confirmed  by  new  observations,  the  recently- 
prepared  radium  chloride  loses  its  water  of 
crystallisation  when  heated  above  lOO**  C, 
and  attains  a  perfectly  constant  weight  after 
half  an  hour  at  ISO*  C.  The  conclusion  i^ 
that  the  atomic  weight  of  radium  is  226.2 
iAg  ^^  107. S:  CI  ~-  35.4)  with  a  probable  er- 
ror of  less  than  Vs  unit.  If  we  adopt  the  val- 
ues Ag  ■-  •  107. »3,  CI  --  35.45.  we  obtain  Ra 
^-  226.4. — "Mining  Journal."  lx>ndon. 

SiMH*itlc  Hoat  of  Flrt«  Itrivk  at  High  Teui|H>r- 
atun^. — A  knowledgo  of  tho  spooitii'  heat 
of  tire  briok,  osptvially  ai  high  touuH^ratures, 
is  ueivssary  lii  nuiuy  oalrulutions.  Messrs. 
C.  F.  Howe  and  C  H,  Harrinjstou  have  r^wnily 
reported  results  of  their  Investigations  on  this 
subject  in  the  "Journal  of  the  Worcester  Poly- 
teehuio  lus:itute.  '  from  whioh  we  take  the 
follow  ill 41 : 

Speeitlo 
HesU. 
0.-1*1 
0.:\:;i 

0  -: :. : 

0  .'on 

liuTtM'^iiik;     l.iHviiufixe      I'viieiue     lV»\\er. — 

A  TiOM'.  ^vhe:•.re  fer  •.^■.>  v  i' iv>v  vK'\ '.Sx\l  l>> 
Mr.  i.^  A.  lio'-hwe'l.  e::  Owvi-.  Se.fiul.  v^iv.  vvii- 
< is t s  i  II  V 1" v>  \  1  J.  I  *.t  ?:  -t  ^e  x\^ '. •  J.  >v :  n •  ■.  J.  •.  \  ■  ii  j; 
wheels  ot  !iv.u-h  svm'\'1-  aM:"c\v-:-  tV.ti'  '.•c  '.-••^ 
ular  vlri^fvs.  \v^  ?;:Ne  .^«'  u^!^:;^'^e  ^^t.-.:.  .-:  '.'..- 
tive  v-*oi:  .i:ivl  a  s>'i^c'"  o'  -;v.i-  •-  ■  ,v  '■:.■:■.- 
\vj:  ?V.-  Ad^  >io:i  oV  i/k'  v"^  <  :^^•  -^  -^^v  --'.l  -i>o 
o:  : he  : o ! i vler .  i i'  des i i % U  N\  t*. o li  the  > ui  a \ I 
drivers  are  on  :he  rAi!  ihe  !ai?;e  ouea  ai>>  UtlvU 
clear  of  it  .lud  viw  ^en*a.  Vlxi^  purpoi»»  ot 
the  sohetui-  is  a  UhiuuoUv*?  ot  ukaxliuuBl  haul* 
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ing  capacity  with  minimum  weight;  that  is,  to 
provide  within  locomotives  of  the  usual  typei 
means  for  taking  over  ruling  grades  traini 
which  they  would  otherwise  be  unable  to  haul, 
or  for  which  helper  service  would  be  needed. 


Waterproof  Concrete. — ^According  to  Mr.  R. 
H.  Gaines,  in  an  article  in  ''Engineering 
News,'*  watertight  concrete  may  be  obtained  in 
three   ways: 

(1)  By  replacing  the  mixing  water  with  a 
dilute  solution  of  a  suitable  electrolyte  or  salt. 
The  concentration  of  the  solution  need  not  ex- 
ceed 29r  in  strength.  A  1%  solution  is  be- 
lieved to  be  sufficient,  since  greater  concentra- 
tions are  not  further  ionized. 

(2)  By  replacing  from  5  to  10%  of  the  ce- 
ment with  an  equal  quantity  of  dried  an4  fine- 
ly ground  colloidal  clay,  intimately  mixed  with 
the  cement. 

t3>  By  the  use  of  both  the  solution  of  the 
electrolyte  and  the  clay. 

Experiments  show  that  these  substitutions 
not  only  give  a  watertight  product,  but,  at  the 
end  of  a  given  period,  add  greatly  to  the 
strength. 


SiHH^iAc  Cimvity  of  Portland  CVnient. — ^The 
sptH'itlo  gravity  test  is  of  no  value  whatever 
in  detecting  underburnlng,  as  underburned  ce- 
ment will  show  a  specific  gravity  much  higher 
than  that  set  by  the  standard  specifications. 
I'nder burned  cement  is  readily  and  promptly 
iU'Ctvted  by  the  soundness  tests  and  no  others 
ure  uoeucvl  for  this  purpose. 

I'lie  reviuireiiieuts  for  specific  gravity  should 
be  ouiiited  from  the  standard  specifications. 
Or  at  leas'  the  clause  which  infers  that 
low  spec i tie  gravity  is  caused  by  underburning 
and     ;ulul:era:ioa     should     be     omitted     and 

:.>  v>*avv  one  s:ating  that  low  specific  grav- 
•.•->  •.:.A^  I-.:',  does  no:  necessarily  imply  adul- 
ie:.r.:er..  a<  ;*.  is  iu  most  eases  due  to  season- 
'.:■..;  o:  :he  ».ev.*.e:ic  or  storage  of  the  clinker 
V 1-  v' :  e  4 : : :• .: : v. s: .  V e : i  of  w hich  are  beneficial 
'  .  v:  .*^I.a:.  Kiohard  K.  Meade  and  Lester 
v'  ':l.iw\.  :v.  a  raivr  read  at  the  Atlantic  City 
,..    ..  ...     ,.•   -v.,,   Ar.iericaa  Society  for  Testing 


viMiK-  ^t»iui».«'*  For  Ihiscy  Kotds^— In  a  re- 
=  -■.-,'■  .♦.  -. -^*  •  :-';::et:a  de  la  Soci^t^  In- 
d  ■-,  .'  V  .*..•  :i.-  -r.  Mrssnf.  Houzan  and  Le- 
'.  V* >  ^  a  '  .r.  •.  e : • ' :  e  v.  :  o  :  i: e  u se  of  solatlons  of 
^^e  .■>.'•.•: '..le-i  of  sovit'i"::.  calcium*  and  mag- 
uesii-aiu  wL:ts  :^e  ot?:ee:  of  Ujlng  the  dust  pro- 
duced b^  ,tu:.MMo^:Vj*.  Tte  two  latter  chlorides 
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•p0cUUy  advaniageouH  owing  to  the  de- 
Kent  nature  of  these  Halts.  Calcium 
Me  was  first  tried  for  this  purpose  as 
nco  as  1828.     A  solution  of  this  salt  bav- 

specific  gravity  of  10-15  degs.  Beaum6  Is 
table  strength  for  sprinkling,  and   is  ap- 

to  the  roads  In  the  same  way  as  water. 
•nit  has  the  further  advantage  of  being 
I  and  non-poisonous,  ba%'ing  In  fact  cer- 
Alalnfectlng  properties:  it  is  not  corrosive 
rdlnary  metals,  and  may  therefore  be 
d  In  metallic  vessels,  but  it  attacks  the 
inted  surfaces  of  copper,  nickel  and  brass. 
ikllng  with  tar  or  oil  is  more  expensive 
with  calcium  chloride,  and  this  salt  does 
Ive  rise  to  dark  mud,  rendering  the  roadd 
»r>'- — "Times  (London)  Engineering  Sup- 
eni.  • 


<*n|tth  <f  Siutftiiig.— C^onsiderable  discus- 
ba#  r«H^en(ly  taken  platH>  in  the  columus 
Engineering"  { l^ndon »  in  regard  to  the 
^  of  the  l>ending  moment  which  Ik  cquiv- 
lo  the  combined  effect  of  the  rnws-heud- 
noment  and  the  twisting  moment.  There 
three     formulas     exp^(>^Hin»;     thl»    value; 


^ly.  Kanklne's.  in  which  Mr 


M 


'  •  T=»;  the  French,  in  which  .M,       \  .M  -- 
iM.  .  T'l;  and  GuestsH  in  which  M..     -  \ 
T*i.  Of  ihew*.  the  latter  gives  the  greatest 
^.    and    is    generally    believed    to    be    the 
accurate.     The  difference  In  the«e  form- 
Is  due  to  the  difference  In  belief  as  to  the 
i   of  the   8i*cond  skin   Kiress.   that   is,   the 
perpendicular    to     the    niaxininm    stress. 
Line     argued,     probably     without     exiwri- 
al   data   upon   which   to   base   his   theory. 
this    set'ond    stress    bad    no    effect.      The 
eh    formula  is  derived  from   a   i)articular 
rular  theory,  to  the  effect  that  a  material 
8    when    a    definite    extensional    strain    is 
led.  Guest's  law,  borne  out  by  tests  made 
lis  country  by  Prof.  E.  L.  Hancock,  makes 
:nie  shearing  strength  the  quantity  to  be 
In  determining  the  yielding  of  a  ductile 
rial. 


»fi  li<>Ml  IHii«t  l*r«*venlive. — Consul  T. 
iortou.  writing  from  Chemnitz,  sayH  that 
Kon  Arm  has  IntroduoKl  a  new  road-bind- 
»njp<Mition  called  "Apokonin."  which  has 

tried  on  the  macadamized  streets  of  l^ip- 
ittd  other  places  with  much  success.  The 
rial  Is  thua  described: 

In  a  mixture  of  the  heavier  residual  oils 
loed   In   the  distillation  of  coal   tar   with 


high-boiling  hydrocarbons.  The  method  of 
mixing  apparently  Involves  a  certain  degree  of 
chemical  combination,  In  which  phenol  and 
similar  constituents  play  a  role.  The  manu- 
factured material  Is  prepared  for  use  by  heat- 
ing in  Iron  caldrons.  Identical  with  those  used 
for  asphalt,  to  temperatures  ranging  from 
212'*  to  248'*  F.  (100*'  to  120"  C).  It  is  then 
sprayed  evenly  over  the  surface  of  a  roadway 
with  a  special  form  of  apparatus,  and  under 
such  high  pressure  that  the  fluid  mass  pene- 
trates to  a  certain  distance  into  the  upper 
layer  of  dust  or  dirt.  The  result  la  the  forma- 
tion of  a  compact  lustrous  black  coating, 
which  meets  the  demands  of  heavy  traffic  and 
is  not  disintegrated  into  dust  particles.  A 
marked  advantage  of  the  new  process  over 
the  methods  hitherto  employed  for  the  same 
purpose,  and  based  upon  the  use  of  ordinary 
tar,  is  the  total  absence  of  odor  after  the  ap- 
plication.— "Consular  and   Trade    Reports." 


Sodium    Trani«iiiiHMl<in    iJnon.^ — The    use    of 

sodium  for  o\erhead  transmission  Is  attract- 
ing the  attention  of  electricians.  It  is  said 
to  be  cheap  and  a  good  conductor  of  electric- 
ity, but  as  its  marked  atllnlty  with  oxygen 
causes  it  to  ignite  when  placed  in  contact  with 
v«ater.  its  employment  In  the  form  of  a  con- 
ductor would  be  limited,  probably  to  overhead 
tiansmisslon  lines  or  feeders  for  railway  work. 
The  general  process  of  constructing  sodium 
c<mductors  is  to  tak«'  standard  wroughl-iron 
pipes  and  heat  them  to  a  point  well  above  the 
melting  temperature  of  sodium.  The  sodium 
is  then  melted  in  special  kettU»8  and  is  run 
into  the  pipes,  solidifying  when  cool.  There  Is 
said  to  be  no  marked  depreciation  of  either 
the  sodium  or  the  pipe  if  the  latter  be  prop- 
el 1>  protected  by  a  coal  of  weather-priK»f  paint. 
For  the  same  conductivity  the  price  of  the 
complete  sodium  conductor  is  much  below  that 
of  copper  cables,  being  In  small  sizes  not  more 
than  oU'i  and  in  large  sizes  not  more  than 
20*1  of  the  cost  of  copiK»r.  For  instance,  a 
half-inch  wrought-iron  pli)e  filled  with  sodium 
has  a  capacity  of  10S»  amperes,  and  costs  about 
:;  ^2  cents  per  foot,  against  S4  i*ents  for  a 
copi>er  line  of  the  same  capacity.  A  6-lnch 
sodium  conductor  would  curry  S.130  amperes, 
the  cost  of  the  line  l>elng  about  $1.40  per  lin- 
ear foot,  as  comimred  with  $6.30  per  linear 
foot  for  copper.  These  figures  were  estlniatiHl 
on  the  basis  of  7  4  cents  |»er  pound  for  sodium 
and  16  cents  per  pound  for  copper.-r-" Dally 
Consular  and  Trade  Reports." 
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K«lllii||-Waiu*r   Air   Gompreiusluii.— There    Is 

ouu  mothod  of  making  compressed  air  which 
In  dlmplo.  vfllctontj  practical  and  Isothermal, 
and.  In  coniparlHou  with  a  reciprocating  com- 
proDHctr,  poHtiOHsos  almost  twice  the  efficiency 
with  a  cout  of  only  a  fraction  of  that  machine. 
The  priH'eHs  roforred  to  is  known  as  the  water- 
citnipro8Hlon  systom  and  is  in  active  and  clli- 
ciont  oporation  at  Magog,  Quebec;  Norwich, 
Conn.,  and  a  numbor  of  other  places.  These 
plants  produce  compressed  air  in  large  quan- 
UUos  ver>  etUdently  with  a  minimum  cost  of 
operation  and  a  minimum  cotit  of  installation. 
Thei'O  are.  ho^aexor,  patent  rights  involved  in 
the  prvKVssi  ^hloh  may  be  responsible  for  its 
lack  of  dexelopment  In  other  tie  Ids. 

A  desoripiiou  of  the  plant  will  explain  its 
oiHMatiou.  Water  is  carried  in  a  large  pipe 
on  a  :^iiKhi  :»U*iH'  to  the  edge  of  a  vertical  pipe 
of  dux  deMivd  length,  li  is  then  allowed  to 
f^^l  dv^\xu  ih*;$  pijv.  An  annular  hollow  ring 
with  a  Ur^e  number  of  [\ne  points  on  the 
lower  side  i*  immersed  in  the  water  at  its  en- 
tran^e  tu  the  hv»le  and  this  is  conutvied  with 
a  pijv  ;e  the  outside  air. 

^^.o  x^A'.er  clewing  b>  the^-^e  s ».:»..•**.",  holes. 
>fc  ^. i k-  :i  .i  i  e  \*  i '.  o :i  ewe  ud ed  i  n :  o  p  v v*;  ec  t  i  u »:  ho '.  - 
low  v.^VxHk^ci  ^k*:  viuieasod  e:Vuiev.o> .  eu:an^U's 
;a ? <l  V  .i :  V  A'S  xk  i , !•.  it  s i'.'. ,i * '.  ' » u '.* '.» * es  ^^ :  ;i \ v  ^- a x; *: ^ : 
;* ;  ,  ^  e  i»v*  -.  v.  •.  s  e .  ;  !•. e >\'  ii  t\'d . e >       K  .1  s V. :  i;  ji  xl o «  !i 
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pending  simply  on  the  quantity  of  water  rush' 
ing  through  the  penstock  and  its  speed. 

The  efficiency  of  a  plant  of  this  kind  ranges 
from  75  to  837c  of  the  theoretically  possible 
efficiency  obtainable  from  the  water. — J.  H. 
Hart,  in  "The  Engineering  and  Mining  Jour- 
nal." 


A  New  Method  of  Galvanizing. — If  two  met- 
als in  contact  are  both  readily  decomposed  by 
the  same  agency,  and  if  when  in  contact  they 
are  exposed  to  that  agency,  the  metal  which 
stands  lower  down  the  scale  of  electrical  con- 
ductivity will  be  decomposed  in  preference  to 
the  other.  This  is  the  reason  for  the  efficiency 
of  a  zinc  coating  for  iron  and  steel  articles 
and  is  distinct  from  the  protection  afforded 
by  the  covering  as  such. 

"Sherardizing."  a  dry  process  of  galvaniz- 
ing, owes  its  existence  to  the  peculiar  proper- 
ties of  zinc  dusi.  Zinc  dust  is  a  by-product  of 
the  smelting  furnaces;  in  the  distillation  of 
spelter  from  blende  ^Sphalerite)  the  amount 
Ok  dust  whiih  sublimates  in  the  tlues  will 
amoun;  lo  i^rhaps  5  or  liy/c  of  the  yield  of 
s^v'.'.er.  i:  :s  mostly  composed  of  impalpable 
V^ir'.ules  v^t  *i   Mue-cray  powder  from   V  ,aoM  to 

.'•.:*.v*  sSus:  :s  :iuv   :n  a  very   unstable  state, 
v*...e  '.o  -Li-.  >-v:de-  ceolinc  :o  which  the  minute 
;*ci:;.s  i>  ^a'. 5   i^^^.x-  sl:^:e^.:ed:  each  particle  is 
A  ".v.;.    ::"..•      •v-.;'"er:s  drop."     The  c:iiilei  fcur- 
-•..-.  .:csi     j.;'y>ir>e:i:Iy    perfectly    spherical 

i'.i.;  .  i>     >     ui^u-tesily  oxidized,  and  this  is 
ji  'kv.  ■     ..  ..'.•   .....  ...::  :-  co-sideriiig  the  theory 

o .   :  V. ,  -%: ..  s .   A . . .  J ::       '. « <  .ir .   :  i: t   :i'.oI ec u  les  of 

,:^   ■.-.■;:..  A  v  v**-a^^-  "^i'.-^"-'  regular  order,  it 

.•-    >    .-.     >,j.     ".:■=.     i.~l    :i.ca^e    E-olecuies    are 

>      •   .  ,     .'   .'. .i^.:<:  '..Lr— strives  in  a  more  com- 

..■...,.-      -.i-?.    i-c^evcr.    ^.jaaot    be 

:  .  >-  . ;:  '..:.£  *-*!!  in  wiiich  they 

.-.  .JTi  r-sJLJZicz  o'  :i:5  \:a:astro- 

j  .cr.iji:.,*-       Hi-*x.  jl:  a  tem- 

.-,  .•  V    :ijL:   i:   -wi^Cii   '.t^   metal 

.; :     iz'i   :it  liz:  d  :s:  is  con- 

■      .•;   ::::  "v.'.i  cx:ic. 

*.    *      ^.  r  .*   11*^  Toli-.iLizes  is 

,      .*:;  vc-z.:  L>  -tl.--   C.  yet 

■■.'.>     .   ;  ■•■i7Ci:  in  ".!•»  neigh- 

1    .  ccW'i  7^-:^-:ac:e  is 

■.    1:*:  mi   .i-fi-.ed  to 
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•oin«   ilDc    upon   their   surface   and   in   their 
pores. 

In  practice,  sherardizing  (as  it  is  named 
After  lu  lUTentor,  Sherard  Cowper-Coles).  is 
performed  as  follows:  The  articles  to  be 
coated  are  placed  in  a  suitable  retort — usually 
a  east-iron  drum — and  coTered  with  commer- 
cial zinc  dust:  the  retort  is  closed  as  tightly 
as  possible,  and  even  luted,  to  prevent  the 
egre«ft  of  the  vapor,  which  is  at  a  higher  pres- 
sure than  the  atmosphere  of  the  oven.  The 
time  during  which  the  retort  or  drum  will  be 
left  in  the  oven  will  depend  on  the  deposit 
which  it  is  desired  to  get.  The  retort  is  al- 
lowed to  cool  by  natural  means  and  the  arti- 
cles are  taken  out. 

At  first  sight  it  seoius  strange  that  the  drum 
JtJ»el(  hhould  not  be  coated;  this  is  due  to  its 
higher  temperature;  it  enipha»izes  the  fact 
thai  «e  arc  In  the  prosonce  of  a  case  of  con- 
densation like  that  of  atmospheric  moisture  on 
a  cold  matcr-pipe.  In  the  patent  drums  used 
for  eieitrolvtlc  work,  motion  Is  ii(M(>ssury  to 
coal  the  object  evonly.--  Alfrod  Sang.  In 
"Electrochemical  and  Metallurgical  Industry." 


Eleccrulytic  Valvr-<.VIK. — An  electrolytic 
Talve-cell  consists  of  two  electrodes  Immersed 
la  an  electrolyte,  the  combinations  being  such 
chat  through  the  chemical  reactions  the  one 
eiectrode — generally  the  anode — becomes  cov- 
ered with  a  skin  of  some  compound,  which 
prevents  the  current  from  flowing  in  that  dl- 
r>^tion.  If  we  place  such  a  cell  on  an  alter- 
nating circuit,  the  pulses  in  one  direction  will 
b^  slopped,  but  those  in  the  other  will  be  able 
Co   pass. 

Tbe  anode  consists,  as  a  rule,  of  aluminum; 
the  metals  of  the  rare  earths,  and  those  with 
which  the  search  for  new  lamp  materials  have 
arquainted  us,  tantalum  and  niobium,  further 
antimony,  bismuth,  cobalt,  and.  In  certain  so- 
lutions, copper,  will  also  answer.  The  cathode 
U  made  of  carbon,  lead,  iron,  etc.  The  elec- 
trolyte may  be  an  arid  alkali,  or  a  salt  ^olu- 
tion.  many  electrolytes  have  been  tried  with 
varying  degrees  of  success,  sulphuric  acid  and 
sodium  phosphate  perhaps  most  frequently. 
The  .'iluminum  co\er8  Itself,  as  anode  during 
itf  formation  period  by  direct  currents,  with 
a  thin  f»kin  of  oxide,  hydrate,  basic  sulphate. 
;rho»phaie.  etc.;  the  skins  are  ex«-eedinKly 
thin,  and  their  chemistry  is  not  well  estab- 
.tfhMi  The  skin  weakens  or  throttles  the 
^/fjuMy*  current,  without  completely  stopping 
\'  xh  a  mle.  and  there  is  a  certain  niuxlmum. 
or  rritiral.  Toltage  depending  upon  the  elei*- 


trolyte,  the  surface  condition  of  the  electrode, 
and  also  on  the  temperature,  which  the  alumi- 
num will  be  able  to  stop.  The  critical  volt- 
age ranges,  according  to  McCheyne  Gordon, 
from  30  Tolts  for  sulphuric  acid  to  500  volts 
lor  citric  acid;  most  organic  acids  are  too 
easily  destroyed  to  be  suitable  for  technical  ap- 
plication. Zimmermann  has  succeeded  In 
stopping  1,250  volts.  If  the  critical  voltage  is 
exceeded,  sparks  are  seen,  and  the  valve 
breaks  down.  When  wo  place  several  valve 
cells  on  an  alternating  circuit,  and  provide 
two  paths  for  the  current,  so  that  one  way, 
and  only  one  way,  will  remain  open  at  any 
moment,  we  convert  the  alternating-current 
waves  into  unidirectional  wave  pulses.  These 
pulses  are  more  or  less  equalized  with  the  aid 
of  a  condenser,  so  that  continuous  currents  uf 
fairly  steady  voltage  rcsulC;  it  has  been  cuhto- 
niary.  since  Dottono  and  Graetz  first  used 
electrolytic  valve-cells,  about  l^lil.  to  employ 
an  electrolytic  condenser  for  this  purpose.  This 
condenser  forms  a  shunt  across  the  two  paral- 
led  valve-cell  circuits,  and  is  itself  an  ele^lro- 
lytic  cell,  whose  two  aluminum  electrodes  give 
a  large  leading  current.  Doth  the  electrodes 
are  coated  with  oxide  skins,  and  the  skins  are 
supposed  to  be  capable  of  holding  positive 
charges  only  on  the  side  next  to  the  metal,  and 
negative  charges  only  on  the  side  next  to  the 
electrolyte. 

Electrolytic  valve-cells  are  still  regarded 
with  a  certain  amount  of  distrust.  They  re- 
quire Judicious  treatment,  like  accumulators, 
and  may  turn  out  as  reliable  and  useful  as 
batteries.  In  Germany  they  have  successfully 
been  applied  In  connection  with  train-lighting, 
and  Dr.  C  C.  Garrard,  of  .Messrs.  FerrantI, 
Limited,  proved  their  utility  several  years  ago 
for  preventing  the  arcs  which  o<>cur  when  con- 
tinuous-current circuits  possessing  Inductance 
are  interrupted.  Dr.  Garrard  inserted  a  series 
of  electrolytic  cells  across  the  break;  the  ex- 
tra current  passes  through  the  cells  and 
breaks  down  their  resistance,  which  quickly 
restores  Itself.  The  critical  voltage  of  the 
scries  should  be  a  little  above  the  Hue  voltage. 
When  the  electrolytic  cells  are  better  under- 
stiHul  they  will  And  wider  application. — "En- 
uiiit'fMini;"    (London). 


Kleetilc  Smelling  of  Imn  4 Ire. — A  Heroult 
sii.«'Irrr  has  been  recently  Installed  in  a  Call- 
Ininia  town  bearlnu  the  name  of  the  inventor 
nl  fht»  proters.  auil  has  provt-n  ruMrfh  snc- 
<f^sful  In  the  inithil  runs. 

The  sni"Iti'r  Is  fllipilial  in  sha|  »*.  lontainln;^ 
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one  compartment  5  ft.  high,  made  of  sheet 
steel  lined  with  the  finest  magnesite  brick. 
The  bottom  of  the  furnace  is  composed  of 
heavy  cast  iron  plates,  overlaid  with  tamped 
carbon,  which  forms  the  neutral  point  of  the 
circuit.  A  bed  of  asbestos  insulates  the  lower 
portion  of  the  furnace.  The  three  carbon  elec- 
trodes are  18  by  18  by  72  ins.  and  were  Im- 
ported from  Sweden.  They  are  fastened  by 
wedges  to  a  water-Jacketed  copper  holder  and 
may  be  raised  and  lowered  mechanically.  It 
has  been  found  desirable  to  keep  the  electrodes 
in  the  slag  rather  than  in  the  molten  metal, 
as  a  better  quality  of  the  product  is  thus  ob- 
tained. 

The  power  employed  Is  3-phase  60-cycle  al- 
ternating current,  reduced  from  22,000  volts 
to  50  volts  by  means  of  water-cooled  trans- 
formers. The  current  employed  at  the  lower 
voltage  is  30,000  amperes. 

The  charge  is  composed  of  ore.  charcoal, 
and  limestone,  and  is  fed  to  the  furnace  in  a 
heated  state.  Four  combination  charging  and 
draft  tubes,  each  containing  an  inner  steel 
tube  and  outer  cast  iron  tube  are  placed  near 
the  top  of  the  furnace.  An  annular  space  large 
enough  for  the  combustion  of  the  generated 
gases  lies  between  the  outer  and  inner  tubes, 
and  it  is  the  burning  of  these  gases  which 
heats  the  charge  as  it  passes  through  the  in- 
ner tube  to  the  furnace.  A  centrifugal  pump 
supplies  water  for  the  cooling  of  the  electrode 
holders  and  transformers.  The  suction  pipe 
Is  sunk  in  still  water. 

The  smeller  is  in  the  richest  and  most  ex- 
tensive iron  region  on  the  Pacific  coast,  and 
the  ore  can  l>e  transport ed  from  the  mines  to 
the  smelter  at  a  very  low  expense.  Tho  ore 
t>ody  as  exposed  ou  che  surface  is  from  \2\}  to 
250  ft.  wide,  auvl  lies  bolwcou  a  formaciou  t»f 
diorlte  and  limestone.  The  limestone  is  so 
pure  that  U  Is  beln*;  used  tor  tliix  at  the  pUuV 
The  ore  is  ma^cuetue  and  runs  from  t>S  to  70  , 
iron.  Is  practivAlly  free  from  sulphur,  aiul  wi:ti 
the  exception  of  small  stv lions  atou,<  ih^*  con- 
tact, no  sulphides  aiv  visible.  The  ore  can 
be  delivered  at  the  suio'ter  for  about  |l.:io 
per  ton. 

A  vast  an^ount  of  e\vtrivsil  poxsoi-  is  a\;ti;- 
able  throughoui  the  >oar.  tb.o  po^oi-  l'i-5ii>; 
generated  in  the  Sioria  Nox.ulas  ;:•.»  isii'oai  iror.i 
HerouU.  The  annual  vost  oi  v-it.v:vual  e^ioiji^ 
will  be  II-  per  horsc-po^^f ; .  l^o  ^»^*  v'v»?^'.  oi 
electrical  power  and  iranspoiuiuon  ys\\\  ivinuL 
the  opeiators  of  the  smelter  to  market  the  r 
pig  iron  at  a  piiee  far  belo^  that  charged  b> 
the   eastern   manufacturers.      Besides    the   di- 


poslts  near  Heroult,  Immense  quantities  of 
iron  ore  abound  In  other  portions  of  Shasta 
county,  and  some  of  the  metallurgists  believe 
that  the  process  can  be  utilized  in  the  reduc- 
tion of  the  vast  copper  deposits  throughout 
the  Shasta  belt. 

It  is  thought  that  the  Shasta  county  magne- 
tite can  be  converted  into  pig  iron  of  the  best 
grade  and  sold  in  San  Francisco  for  about  |16 
per  ton.  The  present  price  of  pig  iron  in  that 
city  is  |31  per  ton.  Practically  all  the  iron 
used  in  California  is  imported  from  Europe 
and  pays  a  heavy  duty  (|4  per  ton). 

Several  promising  beds  of  good  coal  are  be- 
ing mined  in  the  Pitt  river  section,  while  a 
chromite  ledge  of  immense  size  is  being  devel- 
oped at  Dunsmuir,  a  short  distance  from  He- 
roult. The  chromite  is  used  for  fluxing.  With 
plenty  of  high-grade  iron  ore,  excellent  coal 
and  fluxing  materials,  together  with  good 
transportation  facilities.  Heroult  is  expected  to 
speedily  develop  into  one  of  the  most  impor- 
tant industrial  centers  in  the  West. — From 
"The  Mining  World." 


Lubricants  are  tested  in  about  six  ways: 
(1>  By  chemical  analysis;  (2)  for  specific 
gravity:  <3>  for  relative  viscosity  when  new; 
(4)  for  gumming  action;  (5)  for  flashing  and 
burning  points:  t6)  generally,  by  the  testing 
machine.  The  last  is  the  most  efficient,  and 
in  its  essential  features  consists  of  a  pendu- 
lum hanging  on  the  test  journal,  whose  brasses 
can  be  adjusted  for  any  pressure  by  a 
screw.      The    journal     l>eing    rotated     to    the 

right,  the  pendulum  moves  to  the  left,  and  a 
scale  at  once  indicates  the  friction  per  square 
inch  of  journal. 


Moiss>an  has  found  that,  at  its  boiling  point, 
copper  dissolves  graphite,  and.  upon  cooling, 

the  graphite  is  given  out  again  in  the  form 
of  more  or  less  well  defined  crystals.  This 
fact  mav  explain  the  small  black  specks  oc- 
easiouallv  to  and  in  the  fracture  of  brass  cast- 
ings. \t  the  usual  brass-melting  temperature 
there  is.  undoubtedly,  little  absorption;  but  in 
oxerhea^.ed  tiie:al  it  may  be  possible  that  the 
dissolved  jcraphi'e  plays  a  more  important 
pa  It:  l!«.  \\eake:ii:T^  copper  and  its  alloys  than 
';>'ia".>    :>   s •.: ;' ^*oseU . 


bv  :.s  \:\.  :\:  'uvierals  not  only  involves  the 
•v?i'<  r.'.e  o(  'r,'  r  r.vo'eeu'.es  to  complete  sep- 
tii-v»-'  .«■;:.  ••::.  .i.-s  such  a  development  of 
^oVo-^i  !■  .<>  J  :vv\i:n:  a  permanent  bending 
oi  •.':,'  ^iw.v  :  ■  I'.ii  lead  to  its  return  to  its 
oM;;:'.^'  :.'o.- :-.:..::  a  >.  r-.  -ho  disturbing  force  is 
ivnu»vfJ.  •■■-.•  '■  ■■  .i.>  -.xhibit  this  property  to 
a  marked   Jci.  •.-.• 
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iB  tke  ■tndr  of  chemlotry  an  ounce  ut  ex- 
perimentml  vork  ^ctukity  done  la  worth  a  ton 
of  remdlBi  or  or  llatentOK  to  leclureB.  If.  how- 
•t«r.  lb*  eludeat  were  left  to  blmself  In  evor 
ao  toad  m  Uboratorr.  with  «ver  no  good  a  11- 
btsr?  e(  cbemlcftl  booka.  but  without  any 
(■Ide.  It  would  b«  Impoaslblo  for  him  to  bc- 
tmmp\tMh  the  moet.  He  would.  Indeed,  be  In 
««tT  BiQCh  the  tame  poalilon  ai  n  person  lost 
ta  k  4en>a  lorMt.  To  avoid  needleBa  waste  of 
Uaw  !■  KToplns  his  own  way.  he  ot^di  ■ouie- 
■■•  tB  t«*d  him  In  the  right  direction,  wh.i 
kM  bMa  OT«r  the  groiind  before  blm. 

Th9  lui^orltr  of  rhenilcal  books  Intenileil 
tar  Madenta'  uw  deerribe  a  larger  or  Braallfr 
Bwmbvr  of  elements  and  compounds,  but  iisu- 
»ay  ■!<■  but  alight  attention  to  the  details  of 
oparliBCnUl  Bumlpulatfon  needed  lo  iirepare 
or  to  wmir  tbem. 

TImt*  have,  indeed,  appeared  mveral  bookx 
vkick  aim  to  direct  the  stuneut  clearlr 
ifcrMgh  tka  eaai  maie  of  chemical  compouudH 
a  of  tke  atudr  of  a  limited  number  ur 
d  reaclluns.  carefully 
aad  ayatenatlcallr  aelected.  Btrsnge  to  eu.v. 
koMwr.  the  larger  namber  of  tbeae  book« 
kaT«  treated  of  or«anlc  rhemlstry.  A  very 
fvw  oolr  have  tt^ated  of  whal  naturally  forms 
tkv  Irat  (abject  of  study,  the  Inorganic  com- 
ytfnada.  Anoac  the  latter  the  book  here  re- 
*Wv«d  la  tj)  Im  found. 

StartlBC  with  a  few  general  directions  nn 
'^*  ^MUilpnlatlon  o(  the  moat  comwon  openi- 
'«a.  tk*  work  gradually  leads  the  studrnt 
arwagh  Ui«  work  of  preparing  some  simple 
cnnvOTiBda  nf  Ike  metals,  and  through  Inter- 
mttmi  pcvpantlons  of  Increaalng  dimruliy  of 
vnrisMS  Mlta.  balOKons  and  halogen  com- 
p«aa*^  aiMaa.  and  acld«.  up  to  the  elementary 
aifUlt  aMi   laetalloldi  themselves.     Then   the 

Xatk  Cllr. 


preparation  ot  hydrailne  by  meaiu  of  a  beau* 
tltul  train  ot  work  la  described.  Finally  tha 
subject  of  colloidal  eoluUons  Is  clearly  and 
concisely   dealt    with. 

Any  student  wbo  faithfully  performa  the 
work  put  before  bim  In  this  book  will  obtain 
a  broad  and  clear  view  of  Inorganic  cbemlatrr. 
and  will  be  In  a  position  to  undertake  more 
ndVBDced  work  with  proni. 

The  directions  are  clearly  written  and  ara 
frequently  Illustrated  by  cuta  ot  apparatus. 
Formulae  for  the  reacUoaa  Involved  ara  usu- 
ally given.  No  refereacos  to  original  periodi- 
cal literature  are  given.  Tbera  la  aa  Indei. 
A  tew  errors  ot  proof-reading  have  bean  no- 
ticed: for  InatBRce.  on  page  1S9  occurs  thla 
surprising  direction:  "The  supernatant  liquid 
la  poured  od  and  washed  several  times  by  do- 
lauiatlon."  On  page  25  the  weight  of  mag- 
nesium taken  Is  stated  to  be  weight  ot  silver 
taken.  On  page  145  the  symbol  for  oiygen  la 
printed  10. 

The  publisher's  part  of  the  work  la  well 
done  ax  to  paper,  type  and  binding. 


VAN      NOSTRAND'S     CHEMICAL      ANNUAL. 

IHifl. — First    Year   of    Issue.      Bdlted   by 

John  C.  Olsen.  A.  M..  Ph.D..  with  the  Co* 

operation     ot     Eminent     Chemists.      New 

York:      D.  Van  Nostrand  Co.     Cloth;   6  k 

T  Ins  ;   pp.  z.  +  496.     11. &Q,  net. 

This    Is   entirety   a    book    of    tables.      Many 

nnmerlral   data  ot   dally   use   In   the  chemical 

laboratory  ere  here  gathered  together  and  con- 

venlenilr  arranged. 

Various  tables  useful  In  the  calculation  of 
analyaws.  gravimetric,  volumetric  and  gaaaoua. 
are  llrat  given.  The  principal  bulk  of  the  vol- 
ume Is  taken  up  with  two  Ubiea  at  the  phyal- 
ral  properties  ot  numerous  Inorganic  and  or- 
ganic subaUncea.  Tbaao  Ublea  give  la  col- 
umnar form  dau  relating  to  the  roolacniar 
weight,  the  speclBc  gravity,  melting  and  boil- 
ing polnta.  cr}Blalllne  form  and  solubility  In 
i-old  and  hot  water,  alcohol,  and  a  tew  other 
common  solveuta.  Those  solubility  data  arv 
largely  qualitative,  altbongb  some  quaktlta- 
llTo   determlnaUoBs  are  alao  gtvas. 

Interspereed    In   the   aeeond  ot  tkaaa   labl^ 
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uro  liiilla  K  nuiiibor  of  original  determinations 
by  C!.  A.  K.  Kahlbaum. 

Kul lowing  MitiHo  two  tables  Is  a  group  of 
Mpm^ini;  griivlly  tables  for  various  solutions. 
Tilts  MttuinA  snule  here  employed  Is  exclusively 
lliu  AniurlriLn  stundard.  The  sLundurd  Hpecific 
Miiivity  tiibluH  of  the  MunufiicturinK  Chemists' 
AtiHiirlMtlnii  ut  thn  U.  S.  for  sulphuric  acid, 
nltiin  iirld,  hydrochloric  add  and  ununoniii 
aru  alvou  uuiouk  othors.  A  fow  tiiblos  on  the 
viipnr  dtuiHlty  of  wutor  iiiid  niorcury  cIoho  this 
Htfctlon.  It  In  folio W(m1  by  Honir  tables  of 
oitulviili'iit.i  of  Wi^IkIiIh  iLUd  iiiraKuiVK.  A  soc- 
(lon  on  I  ho  himlH  of  cointuiHtl(Ui  of  various 
fuols  fitlhiwh.  No  tht'i'morhoniUal  data  are 
alxon  for  (ho  hoalH  of  coniblnatUui  of  the  vari- 
ouH  oUmui'UIh  or  tliolr  compounds,  among 
IhoniMohoh  l.aHtl.x  liioio  aro  two  lists  of  the 
moio  tmpoi'tant  chomtcal  articles  and  books 
publl.ihc'd    .iluco   Jan.     1.    WHKi. 

0\\  iho  \>holo  iho  solcctU»UM  of  material  for 
i\\\i^  \>\Mk  ha\o  been  »ell  made,  and  it  will 
d\uib(ie^.t  Cake  the  place  in  America  of  similar 
\xoi'kTi  publiNhexl  abroad  annual! >  The  paper 
IS  i;\»*M.  Che  t>pe  \n  clear  and  ea^ilj  read. 
Iheie  In  a  potlraa  oi  Su*  William  l\am>a>  as* 
ii  uoni'.?.p»eve  The  covnevn  \»t  Uie  pa»:es  are 
ix'uudcd  aN  aiv  ;;In*»  Ch\*'.e  \»f  the  biad^ua; 

Kl  Kl       W  vrKK     VNP    vi  V>     VNVIVSIS       VVr 

S'.i\ilV.     l^el^  Ux      Johu     li      v'       KoiS^AW  . 

>V    I     \  *       V '. ', '.  ^.  *» V   x» i      S n*. e  N  e    k* '.  v^ \  e :■. ,  •. k* v.  . " 
v'A-        N«iN\     \o:  k         I*     \  a:-.    N^^n. '.  .H'..»    v'o 

-».+»     ■■.»••        V  ki         ^.*'«"*»'-^  »«•        »».       »'•      '■        «•■      i»l         ^»*  'i*-^ 

«-«  '•'j^  «■«         A>{^«  .«.■>  ...         1«.,»  >  •..  ...         .>...« 

1^-*  .k*'  •"■^  •■  ^  ■**"^  ^  •■-l»*»."  •     M 

xXV-     .■.>.    .■..■       ,.l   ■       .'.'     »        '.'s'       ,■,'    ,•  .'.'.       V*        ■ '^ 

v\'     -  «.     .  ^      .    ■  .■  L        ",■...»  .■       i 

■  ■-'  \  "     t      **     .  .'       .  ,'  .'.     \"      '.  '.■         '.     •.-.. 
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ment  of  power  by  means  of  steam,  and  thougli 
many  of  the  operations  described  require  a 
considerable  amount  of  skill  and  knowledge 
of  quantitative  analysis,  some  of  them  can  be 
carried  out  by  any  careful  engineer. 

Especially  is  this  the  case  with  the  detailed 
instructions  given  for  taking  samples  of  either 
fuel,  water,  or  gas,  and  when  these  have  been 
followed  the  fee  for  the  particular  examina- 
tion by  a  skilled  chemist  will  be  well  repaid 
by  the  information  resulting,  showing  hov 
economy  can  be  effected. 

Part  1  deals  with  the  origin  and  properties 
of  natural  fuels,  with  the  methods  of  aualysis 
and  determination  of  heat  value,  and  concludes 
with  the  practical  application  of  the  results. 

Part  II  treats  of  water,  its  sources  and  char- 
acteristics, with  methods  of  examination  and 
the  application  of  test  results,  and  softening 
reagents. 

Part  HI,  on  waste  gases,  describes  the  char- 
aotorisitlcs  and  methods  of  examination,  as  well 
as  lutluence  of  the  composition  upon  the  effl- 
clout  burning  of  the  fuel.  The  appendix  gives 
rules  for  sampling  fuel  and  much  useful  in- 
formation and  tables  relating  to  tests  of  fuel, 
water  aud  waste  gases. 

Thore  are  50  illustrations,  and  the  whole 
\^ork  is  v>f  a  choroughly  practical  nature  based 
uvo".  o\:o Tided  experience. 

As  :!:o  ;»rv>;vr:ion  of  volatile  matter  in  fuel 
:v.v:v,iscs.  ::*  etf-cient  burning  with  air  in 
Vv*-.'i*r  :ur".ux*s  Vt^vonies  more  difficult  of  ac- 
vx**.v.v"-s^'.:i«  ~:  01*:-*:  :o  its  being  accompanied 
«  ■,^l■.•  >>  :^tf  t- mission  of  smoke  or  by  a  ther- 
v.;a;  :.*ci*  iv.;  :.•  dn  excessive  proportion  of  air; 
•V.  i*  .:^T  .ASif  ".-.^re  :«  i  loss  of  heat. 

V^;-    ,v.  ■.-:::•:;  ±:    viiu-e    ot    fuel,    therefore, 

.■.-■■.•.  ■.i.c;i  ^y   ::s  ^ross  thermal  value, 

:-    -        >.  .'.•  .,  . -i  trv:::!  jlh  examination  of  the 

',..    .  >  .■.'•;.:.<:.--    r'KuIring    from    the 

.>     ,'.'  .• .  >  .'va:'^  ji  "^^Lis  maintained  in 

.•    <     >  *  :  :-    :ie   f'iel   has    to  be 

■'  .«.      ..J     >"!;   •,■=▼■    ■■  London'. 
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>4B-Clit«f.  W.  T.  H»(Tl«,  n.D..  LL.D., 
I    Cum mlMl oner    of    Bducailon. 

IndsBHiit  BQd  itudr  to  the  porfectlaK 
1  aolllDM  at  Ui«  work,  and  cloMly 
r    wbola    Supplunant    Itne    by    line. 

■  copT  vid  asain  In  tbe  proot.  Amoos 
II  adltara  w*ra  tocli  men  as  Mr.  Ru»- 

.  tta«  emIiMOt  vrtler  on  Archltec- 
In  ltcina«n.  Pr«i.  ot  Jobni  Uopklni: 
8rair«r.  Anorlat*  Justice  of  the 
m«  Court;  Prof.  R.  H.  Cliltl«DdeD, 
Add  ScdenUflc  School,  Yule  Univ.; 
S.  SiMldoQ.  o(  Hki-vard  UdIv,,  etc., 
addition  to  keeping  the  dlctlun«rr 
t  tim  Unwa,  lt«  tnwrraphlcil  exrel- 
hmu  pnMiT«d  br  Ui«  making  of  an 
>«  BM  of  platM  for  the  whole  book. 

■  bar*  boea  larorporaled  rerlaln 
'  cliaBSM  aad  addttlona.  The  Gacet- 
.   Blocraphlca)    Dtctlonnry    hftre    both 

Fnllr  rarUod  and  entire))-  reset.  The 
r  bu  bMO  nutda  to  accord  with  the 
■  raturas  and  recent  geoKraphlcal 
la  the  Biographical  Dictionary  a 
■bar  of  new  names  have  been  InMrted 
id  data  hara  b«eD  verlQed. 

I  AND  .TURN0i;T8.~Sy  Howard 
t  Ivaa.  AaalBlant  Profeaaor  of  Rati- 
■oclaoerlas,   Worcoater   Polytechnic 

lata.    Worcaater,  Maaa.:    The  Author. 

V:   ft%   «   8K   Ins.;   pp.   44:    !5   Dsa. 

tadr  Qoaalsls  ot  three  artlclea  which 
t  app— rod  la  the  "Journal  of  the 
Polytechnic  Institute^"  The  au- 
I  aitcatlon  to  the  fotlowlng  points; 
a  deaerlptlon*  of  the  dlDerent  forma 
I  aod  their  effect  on  the  lead;  eec- 
I  statements  of  practical  conclusions 
Bd  at  various  places  In  the  leu;  and 
ICn  of  tba  Blip  switch,  the  mathe- 
[  wUck  are  beUoTed  to  be  orlslnal, 
t  baas   found  elsewhere  by   the  au- 


IBEDOINO.— By  Capt.  C.  C.  Long- 
I.  M.  Inst.  U.  B..  Mining  and  Coo- 
■C  Baitlnaor.  Author  of  "Hydraulic 
"  '  "Sloaaary  ot  HInloK  Terms." 
I  and  HerlMd  KdlllOD,  Lon- 
Tba  MlttlBK  Journal.  Cloth:  6  k 
laa.:  pp.  xtr.  *  S3S;  many  tnll-page 
tratlona  and  toldlng  platoa.  39a 
licaa  prico.  |g. 

•ttnctlva.  not  only  to  the  anglnaar, 
I  aaprofeaalonal   man   who   la   flnan* 
aiad  In  xold  drodRlnic  and  dcxlros 
I  to  the  nature  ot  tba 
»  by  wblcb  bis  money 
Tba  book  affords  him  a  pic- 


torial m«ana  of  attaining  his  object.  The  gen- 
eral aubjecl  Is  divided  clearly  and  distinctly 
Into  thirty  iiectlons,  and  a  very  good  Indas 
mnki^s  refnn>nt«  easy.  Tbe  author's  roatbod 
has  beeu  1l-hb  blstorlcnt  thun  practical;  ha  baa 
tuutented  himself  for  the  most  part  with  II- 
lumlnailng  those  question!  and  problems 
which  are  directly  connected  with  tbe  appll- 
calton  ot  dredging  in  the  gold-bearlug  rivers 
of  tbe  world  so  far  as  tt  Is  known.  Mr.  Long- 
ridge  has  dealt  In  considerable  detail  with  tba 
constructional  part  of  hi*  theme,  and  supple- 
mented Indd  descriptions  with  rapllal  Illus- 
trations. The  very  Important  question  of  how 
to  separata  and  retain  the  gold  after  It  baa 
been  raised  by  spoon,  or  pump,  or  bucket.  Is 
discuaaed  systematically  and  In  detail  In  the 
chapters  'Separation  of  the  Material  Dredgad' 
and  'Oold  Recovery  Appllaocea,'  raferences 
being  mada  to  the  most  modern  means  aod 
contrivances.  Other  noticeable  chapters  ar« 
those  treating  ot  tbe  disposal  of  tba  talllBca; 
the  working  ot  the  dredgers;  tbe  dlRlcultles 
of  dredging;  selecting,  prospertlng  and  valu- 
ing ground;  and  centrifugal  hydraulic  dredg- 
ing. Several  excellent  half-tone  plalas  asalat 
to  make  plain  tbe  means  uken  to  put  tbe  Ull- 
IngB  out  of  the  wa?." — "Bnglneerlug"  tliOQ- 
don}. 


SEWAOe    AND    THE    BACTERIAL    PURIFI- 
CATION  OK   SBWAUtC.-^By    Samuel    Rl- 
deal.    D.   3c.      Third    Edition,    enlarged. 
New   York:      John    Wiley   «   Bons.      Lon- 
don;      Tba      Sanitary      Publishing      Co. 
Cloth:   6x9   Ins.;   pp.  xll.  *   Sii;   6S   11- 
luslratlona.     |4. 
It  seems  to  be  generally  acknowledged  among 
sanitary  engineers  that  tbis  work  Is  tba  most 
comprehensive  treatise  on  tbe  subject   In   the 
English    language,   and    the   appearance   of   a 
third  edition  recently   Is  only  natural  In  view 
ot  tba  high  standing  which  the  book  baa  won. 
The  new   edition   is  distinguished   from   tboae 
previously   Issued   la   having   numaromi   ratar- 
ences  to  tbe  valuable  aiperleaca  gained  dur- 
ing the  last  Bva  years  In  bacterial  methods  of 
sewage   disposal,   and    also   la   conlalBlas   tbe 
conclusions  of  the  Royal  CommlaaioD  on  Saw- 
age  Disposal,   so  far   as  they   hare  bean   pab- 
llabed.   Although  sewage  diaposa]  by   bacterial 
matbods   baa  racalvad   a  great  deal  of  attention 
In  Great  Britain,  naverttaalaaa  the  actoal  cod- 
BtmcUoB  ot  worka  haa  baaa  attandad  br  dlt- 
Acaltlaa  4aa  to  offldal  ragulatlona  that  hare 
been  aitramely  irksome.   Accordingly,  the  tol- 
lowlnK  note  la  tha  prataca  of  tha  naw  adlUoa 
of  Ihla   book   is  inlereetlng:    "The   Local  Go<- 
it  Board  haa  rel».«d  stouk*  oV  ^^«  Tt\«o 
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which  have  proved  irksome  in  many  districts, 
but  as  unfortunately  works  approved  by  them 
and  constructed  out  of  loans  on  deposited 
schemes,  have  in  certain  cases  given  rise  to 
serious  complaints  and  law  suits^  I  hope  that 
in  the  future  it  will  be  possible  in  England  for 
authorities  to  carry  out  works  which  are  likely 
to  be  more  successful,  if  the  expert,  after  or 
during  construction,  is  allowed  to  make  such 
modifications  in  design  or  working  as  in  his 
opinion  will  result  in  a  proper  disposal."  For 
the  benefit  of  those  who  are  not  acquainted 
with  the  volume  it  may  be  added  that  it  con- 
tains a  full  statement  of  the  present  views  of 
the  leading  sanitary  specialists  concerning  the 
character  of  sewage  and  the  nature  and  causes 
of  the  various  changes  taking  place  in  it  betore 
it  is  finally  reduced  to  stable  substances.  After 
this  general  review  of  the  scientific  features 
of  sewage  changes,  the  author  takes  up 
methods  of  disposal  by  irrigation,  filtration, 
chemical  treatment,  sterilization  and  the  num- 
erous bacterial  processes  by  which  treatment 
is  effected  by  a  rapid  rate  on  restricted  areas 
of  land.  He  also  gives  information  concern- 
ing sewage  outfalls  and  the  discharge  of  sew- 
age into  fresh  and  salt  water,  the  agricultural 
value  of  effluents  of  bacterial  plants  and  the 
characteristics  of  many  trade  effluents.  The 
volume  is  well  illustrated. — "Engineering 
Record." 


PRINCIPLES  OF  HEATING. — A  Practical 
and  Comprehensive  Treatise  on  Applied 
Theory  in  Heating.  By  William  G.  Snow. 
M.  Am.  Soc.  M.  E..  Am.  Soc.  H.  &  V.  E. 
New  York:  David  >VIlliams  Co.  Cloth; 
G  \  9  Ins.;  pp.  viii.  +  160;  62  illustrations 
in  the  text,  and  oS   tables.     12. 

This  book  consists  for  the  most  part  of  a 
collection  of  articles  by  the  author,  which  have 
appeared  at  various  times  during  the  past  few 
years  in  the  "Metal  Worker.  Plumber  and 
Steam  Fitter."  Those  artlilos.  howover,  have 
been  supplemented  by  reprints  of  other  con- 
tributions to  heating  soienoe  by  several  writ- 
ers. Included  In  tlu'  work  are  the  results  of 
numerous  tests  made  by  tbo  author  on  various 
heating  apparatus  and  systems,  together  with 
many  original  tables  and  charts  whUh  he  has 
found  to  be  of  pravtlral  uso  lu  the  solution 
of  heating  prohlouis.  About  vuio  iiuant-r  of 
the  book  is  devoloil  to  a  voiislvh  r.niou  ot 
vacuum  ami  vapor  s>sii'iir.  oi  hoa(ui^.  whwh 
have  reoonlly  attracted  cousiilevable  aiioution. 
The  book  is  well  Indexed  and  the  data  con- 
tained are  thus  made  readllv  iircessihlo.  Thiip 
ters    are  devoted   to    the   follow  Um    suhjevis 


Heating  power  of  fuels,  boilers  and  commercial 
heaters;  gas,  oil  and  electricity  vs.  coal;  the 
capacity  and  fuel  consumption  of  house  heat- 
ing boilers;  furnace  tests;  specific  heat,  the 
heating  and  cooling  of  air  and  humidity;  heat 
given  off  by  direct  radiators  and  coils;  the 
loss  of  heat  by  transmission,  computing  radia- 
tion; heating  water;  the  flow  of  steam  in  pipes 
and  the  capacities  of  pipes  for  steam  heating 
systems  and  for  steam  boilers;  capacities  of 
pipes  for  hot  water  heating;  vacuum  and  vapor 
systems  of  steam  heating. 


GRINDING  AND  LAPPING  TOOLS,  PRO- 
CESSES AND  FIXTURES. — A  Practical  ^ 
Treatise  and  Toolmaker's  Reference  * 
Work  upon  Precision  Grinding  and 
Grinding  Processes,  the  Preparation  and 
Use  of  Abrasives,  Lapping  Processes  and 
Methods,  etc.  By  Joseph  V.  Woodworth, 
Author  of  "Dies,  Their  Construction  and 
Use,"  "Hardening,  Tempering,  Anneal- 
ing and  Forging  of  Steel,"  etc.  New 
York  and  London:  Hill  Publishing  Co. 
Cloth;  6x9  ins.;  pp.  ix.  ^  162;  137  il- 
lustrations in  the  text.     |2.00. 

This  is  a  thoroughly  praciicaJ,  up-to-date 
book  on  the  design,  construction  and  use  of 
machines  and  devices  used  for  grinding  and 
finishing  machine  parts  to  accurate  dimen- 
sions. It  is  written  by  a  man  who  is  not  only 
familiar  with  his  subject;  but  who  also  knows 
how  too  express  himself  clearly  in  language 
that  will  be  understood  in  the  machine  shop. 
The  contents  are  as  follows:  I. — Grinding; 
conditions,  rules,  methods,  processes,  machines 
and  attachments  for  accurate  grinding;  use 
and  and  preparation  of  abrasives.  II. — Laps 
and  lapping;  construction  and  use  of  tools  and 
processes  for  finishing  gages,  tools,  dies  and 
machine  parts  to  accurate  dimensions.  III. — 
Construction,  use  and  operation  of  grinding 
fixtures  and  jigs,  for  finishing  repetition  arti- 
cles of  metal,  small  hardened  and  tempered 
steel  parts  and  special  work.  IV. — The  hard- 
ouiug  and  tempering  of  interchangeable  tool 
steel  parts  of  delicate  structure  which  require 
to  l>e  ground  and  lapped  afterward.  V. — Per- 
centage of  carbon  crucible  steel  parts  and  tools 
should  contain,  temper  colors  to  which  they 
should  be  drawn,  and  degrees  of  heat  for  giv- 
Hii;  tlioui  proper  tempers. 


TK\l-lK)OK  OF  MECHANICS. — By  Louis  A. 
M.ir'.tn.  Jr..  A.  M..  M.  E.,  Assistant  Pro- 
it'ss^or  ot.'  Mathematics  and  Mechanics  in 
St v\ I' IIS  lustiiute  of  Technology.  Vol. 
U..  KiutMu.iiics  and  Kinetics.  New  York: 
KOi:i  Wiley  ^  Sons.     London:     ChapmAB 
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A:  Hall,  Ltd.     Clotli:    ^\    •   1\   ins.;   pp. 
\i\.   •    L'lt:   «^l   tiKurt'K  III  the  toxt.  |1.5u. 

DVt. 

This  IS  toe  M'coud  voluiiK*  of  PrufoHbor  Mar- 
tin »  fUruvntary  courso  in  Merhanlc8,  which  is 
de»li:Dtnl  (or  the  preparation  of  students  for 
their  iuicr  work  in  Applied  Mechanics.  Vol.  1 
dfals  mith  Siaticai.  while  the  present  volume 
tAko»  up  Kineiuatii's  and  Kinetics;  a  knowi- 
edi:e  fif  plane  analvtir  K^'oinetry  and  calculus 
is  p^«*^up|H}^ed  on  the  part  of  the  student,  but 
the  «ork  may  be  taken  up,  provided  differen- 
tia: calculus  has  been  completed  and  a  course 
of  inu*».'ral  calculus  is  belnf;  studied  at  the 
f^iue  time.  Over  4UU  carefully  prepared  exer- 
I  :^eB  are  Kiven  for  the  purpose  of  thoroughly 
laiuillarizinK  the  student  with  the  applications 
of  the  formulas  and  principles  which  they  em- 
body. Chapters  are  included  on  the  following 
lubjeets:  Kinematics--IUH.'ti linear  motion  of 
a  particle;  curvilinear  motion  of  a  particle; 
motion  of  a  ri^id  body;  Kinetics—  Kinetics  of 
a  particle  and  of  the  mass-center  of  a  rigid 
body,  application  of  the  equations  of  motion 
(or  translation  and  for  rotation;  work  and  en- 
eri^v ;  impact. 


DETAILS  OF  MILL  CONSTRUCTION.— By 
Havley  Winchester  Morton.  Architect. 
Boston.  Mass.;  Bates  &  Guild  Co.  Cloth; 
2^4    -^  12S    Ins.:   23  plates.     |2. 

A  book  of  23  plates.  9  x  12,  showing  in  de- 
tail with  explanatory  notes  such  things  as 
■liU.  bas«  plates,  door  guards  and  pin  blocks. 
pIntaU.  wall  coping,  windows,  gutters  and 
cio*«ts.  The  author  says  in  his  preface  that 
up  to  the  present  time  very  little  has  been 
shown  to  illustrate  the  line  of  work  known  as 
"Mill  Construction."  a  proposition  to  which 
Kost  of  us  will  agree.  The  factory  builder 
today,  looking  for  a  model  from  which  to  get 
Ideas  of  Tactory  construction  has  not  at  his 
dlapusal  the  same  facilities  the  home  builder 
poaTssrs.  and  for  that  reason  the  work  be- 
fore us  pOHsewes  undoubted  merit  and  Alls  a 
lacancy  In  the  literature  on  this  class  of  con- 
struction. It  cannot  but  be  of  assistance  lo 
th«»  busy  architect  or  builder  as  well,  provid- 
;i;c  ready-to-use  details,  which,  like  the  ready- 
nade  parts  of  the  modern  building,  have 
xr.**r«*ly  to  be  fitted  Into  place,  and  presto!  th«* 
rixiDg  ih  done. 


NEW   BOOKH. 


Boildlnic. 
THE  Bl'ILDLNO  MECHANICS'   READY   REP- 
BRENCB. — Stone  and  Brick  Masons'  Edi- 


tion. By  ii.  G.  Kichey.  Superintendent 
of  Construction  C.  S.  Public  Buildings. 
New  York:  John  Wiley  &  Sons.  Lon- 
don: Chapman  &  Hull,  Ltd.  Moroi-co; 
4^  '  (;?4  Ins.;  pp.  v.  *  25 1;  2i2  illustra- 
tions in   the  text.      |1.3<^  net. 

t*ivil   Knglnei^rlng. 

DAS  .MATKUIAL  I'Nl)  DIK  STATISCHE 
HKKECHNrNC;  UKK  EISKNHKTONBAi:- 
TKN.  With  Special  Kefereure  to  Build- 
ing Construction.  By  Max  Koerster,  Pro- 
fessor oi  Structural  Englnerlng  at  the 
Dresden  T«H'hnical  College.  [  Fortsi-hritte 
der  Ingonieurwissenschaften.  Second  Se- 
ries. Part  i:i.l  Leipzig.  Germany:  Wil- 
helm  Engelmann.  Paper;  7U  •  11  ins.; 
pp.  IMS;  9:i  illustrations  in  the  text.  0 
marks;    American  price,  |2.40. 

HIVER  DISCHARGE  -Prepared  for  the  Cse 
of  Engineers  and  Students.  By  John 
Clayton  Hoyt,  Assoc.  M.  Am.  Soc.  C.  E., 
Engineer  in  charge  of  Hydraulic  Compu- 
tations, r.  S.  Geological  Survey,  and  Na- 
than ClIfTord  Grover.  Assoc  M.  Am.  Soc. 
C.  E..  Assistant  Chief  Hydrographer  in 
charge  of  River  Measurements.  C.  S.  Ge- 
ological Survey.  New  York;  Jnhn  Wiley 
&  Sons.  Ix)nd<in:  Chapman  A:  Halt.  Ltd. 
Cloth;  6  -.  «)  Ins.;  pp.  viii.  ^  I'M;  23  illus- 
trations.     12.00. 

Klectrlcal  Eng1niH*ring. 

ALTERNATING  CURRENT  ENGINEERING. 
— Practically  Treated.  By  E.  B.  Ray- 
mond. Chief  of  Testing  IK*partment,  Gen- 
eral Electric  Co.  Third  Edition.  Revised 
and  Enlarged,  with  an  Additional  Chap* 
ter  on  "The  Rotary  Converter."  New 
York:  D.  Van  Nostrand  Co.  London: 
Kegan  Paul.  Trench.  Truebner  ft  Co. 
Cloth;  5V;  V  74  Ins.;  pp.  vii.  *  244;  104 
illustrations  in  the  text.      12.50,  net. 

ELEME.NTS  OF  ELECTRIC  TRACTION  FOR 
MOTORMEN  AND  OTHERS.-  By  L.  W. 
Gant.  lecturer  in  the  Electrical  Engi- 
neering Department  of  the  I^eds  Insti- 
tute Technical  School.  New  York:  D.  Van 
Nostrand  Co.  Cloth;  Ti  U  ■>  S^  Ins.:  pp. 
217;  :»8  illustrations  in  the  text.  I2.5U, 
net. 

•NATIONAL  ELECTRICAL  CODE."-  1907. 
Rules  and  Requirements  of  the  National 
Board  of  Fire  Underwriters  for  the  In- 
stallation of  Electric  Wiring  and  Appar- 
atus, as  Recouk mended  by  the  Tnderwrlt- 
ers*  National  Electric  .Vssociation.  Paper: 
3Vs    •    5^4    Ins.;   pp.   1I>3. 

THE  ELECTRICAL  TRANSMISSION  OF  EN- 
ERGY.—A  .Manual  for  the  Design  of 
Electrical  Circuits.  By  Arthur  Vaughan 
Abbott.  C.  E..  Am.  Inst.  E.  E..  Am.  Inst. 
M.  E..  .-Xm.  Soc.  C.  E.  and  Am.  Soc.  M.  E. 
Fifth  Edition,  entirely  rewritten  and  en- 
larged. New  York:  D.  Van  Nostrand 
Co.  lx>ndon:  Crosby  Lockwi>od  &  Son. 
Cloth;   ti  •   9  ins.;  pp.  xxx.  *   674;   litM   11- 
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luHtratlons  in  the  text,  112  Ubles,  10 
folding  diagrams,  and  16  full-page  en- 
gravings.    16.00,  net. 

Induatiiml  Technologjr. 

HAND-BOOK  OK  AMERICAN  QAS-ENQI- 
NBERINQ  PRACTICE.— By  M.  Nisbet- 
l^tta,  M.  Am.  Qaa  Inst.,  M.  Am.  Soc.  M. 
E.  New  York:  D.  Van  Nostrand  Co. 
Cloth:  5%  X  8Mi  inB.;  pp.  xl.  +  466;  98 
illustrations  in  the  text  and  many  tables. 
14. GO,  net. 

INDUSTRIAL  ALCOHOL.— The  Production 
and  Use  of  Alcohol  for  Industrial  Pur- 
poKOrt  and  for  Use  as  an  Ulumlnant  and 
as  a  Source  of  Motive  Tower.  By  John 
Uoddos  Mcintosh,  Author  of  "The  Tech- 
uulogy  of  Sugar,"  etc..  Lecturer  on  Man- 
ufacture and  Applications  of  Industrial 
Alcohol  at  the  Polytechnic.  HcKont  Street, 
Li^ndon.  l^ndon:  Scott,  Greenwood  & 
Son.  New  York:  U.  Van  Nostrand  Co. 
Cloth:  &H  X  SH  ins.:  pp.  vili.  +  252;  78 
Illustrations  in  the  text.     |3,  net. 

Mechanical  Knglnoerlug. 

DIB  HERSTGLLVNQ  DER  DAMPFKBSSEL. 
— By  M,  Uerbel.  Borlln.  Germany:  Ju- 
UiM  Sprln);or.  PaiH^r:  5  4  ^  S  >«  Ins-; 
pp.  S2;  60  illustrations  in  the  text.  2 
inarks:  American  prli*t\  SO  cts. 

GAS  AND  OIL  ENGINES  AND  GAS-PRODUC- 
IBftS. — A  Treatise  on  the  Mi^dern  Devel- 
opment o(  the  Internal-Combustion  Mo- 
tor and  EtUcient  Methods  o(  Fuel  Econ- 
omy and  l*ower  Pr\Hlu\*iion.  Part  I:  Gas 
and  Oil  Ku»;iues.  n>  Lionel  S,  Marks. 
$.  IV.  M.  M.  K.  Part  II:  Gas  Pnxluvvrs. 
Uy  Samuel  S.  Wyer.  M.  K  Chloa^^: 
America  u  School  of  Oorrt^iUHnideuo?. 
Closh.  0^1  \  *4  lu»  ;  PI*-  l**i  ^"^  lllus- 
tratious  iu  the  text.      1 1. 00. 

OKLMV.NG  ANO  U\Pi*lNG  TOOLS.  PKO- 
OKSSKS  ANP  FlXriKKS  A  PvacIUaI 
Tvedtis^  Aiul  I'w'v.iAker  *  Keiciviuv 
Woik  v.VK*JU  PiVx'.*'.x**.i  G':v.*..l  *.'.'.•;  .^ud 
Oriiidi'.*.*  P'.-\Kx-«i»*^  :^.e  Viv;^*rA:u»u  av.d 
V  se  ^»  i  A  ^  V  jisi  ^  ^^'i..  I  Ji  ;•  V  •  v.  i;  P  r  \>vv*sc<s  a  v.  d 
Melius,  eu-      l^   .Kvi^';»»^  V    \Vooa>*oi /.-. 

V^e         H:tv\U"-v.v.*       IV'.v.v  v.?;        v •.•.•.'. v'*'. ■ 
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TEXT-BOOK  OF  MECHANICS. — By  Louis  A. 
Martin,  Jr.,  Am.  M.  E.,  Assistant  Pro- 
fessor of  Mathematics  and  Mechanics  in 
Stevens  Institute  of  Technology.  Vol. 
XL,  Kinematics  and  Kinetics.  New  York: 
John  Wiley  &  Sons.  London:  Chapmtn 
&  Hall,  Lid.  Cloth;  4%  x  7%  Ins.;  pp. 
xiv.  +  214;  91  figures  in  the  text.  |1.50. 
net. 

Mititng  Engineering. 

ELECTRICITY  IN  MINING. — By  Sydney  F. 
Walker,  M.  Inst.  E.  E.,  M.  Inst.  Min.  E., 
Assoc.  M.  Inst.  C.  E.,  etc  New  York: 
D.  Van  Nostrand  Co.  Cloth;  5^x8!^ 
Ins.;  pp.  385;  31  plates  and  163  text  il- 
lustrations.    13.50,  net. 

THE  PRINCIPLES  AND  PRACTICE  OP  COAL 
MINING. — By  James  Tonge,  M.  Inst.  M. 
E.,  F.  G.  S.  London,  England:  Mac- 
millan  &  Co.,  Ltd.  New  York:  The 
Macmillan  Co.  Cloth;  4%  x  1%  Ins.; 
pp.  363;  203  illustrations  in  the  text. 
5s..  net;  American  price,  |1.60,  net. 

Sanitary  Engineering. 

CLEAN  WATER  AND  HOW  TO  GET  IT.— By 
Allen  Hazen,  M.  Am.  Soc.  C.  E.,  Am.  Wa- 
ter-Works Assn.,  etc.  New  York:  John 
Wiley  &  Sons.  London:  Chapman  & 
Hall.  Ltd.  Cloth;  5^x7%  Ins.;  pp.  x. 
•r  17$:  many  half-tone  illustrations.  $1.50. 

THE  DISPOSAL  OF  MUNICIPAL  REFUSE.— 
By  H.  de  B.  Parsons,  Consulting  Engi- 
neer. M.  Am.  Soc.  C.  E.  and  Am.  Soc  M. 
E.:  Author  of  *'Steam  Boilers:  Their  The- 
ory and  Design."  New  York:  John 
Wiley  &  Sons.  London:  Chapman  & 
Hall.*  Ltd.  Cloth;  6x9  ins.;  pp.  z.  +  186; 
7  a  illMsirations.  mostly  fnll-page  plates. 
9t. 


T>.e  :A:e$:  annual  catalogue  of  The  Macmil- 
Un  CVsipauy.  which  has  just  been  issued,  has 
tv^'Q  prepared  in  accordance  with  a  new  plan 
(^a:  s:\e«  i:  more  than  passing  Talue.  It  is 
avriiv^^  c:i  :^e  v'.an  of  a  dictionary,  author 
Au^*  #u^:ev-:  ec:r:e»  following  one  another  in 
oue  di'-;'>.AN»'.::jL:  :.$:.  The  catalogue  contains 
a  vva.'vV'.'i'  ''*:  ^-^  i-l  books  publiahed  by  this 
vv*.L*v**&".^  >ft^:.-:i  jL->?  scill  in  actiTe  demand,  and 
'.:  >^  e^vv-A*  V  v-i  laMe  because  these  include 
i!?.'  '-•■.v'i'  ■vvo-vAz:  ?-«bltcacions  Issued  in  the 
:a>.  *;i->  :t   =:cre  by  a  number  of  the 

.!■-;->.    :^'i   s.»    vi^risita^  houses.     It  is  an- 
.•,■••    :"      *-f  V-::   siers  chac  the  total  num- 
■>^    >  -i-jtir  V   :i;2  chouasnd  and  that 
v.-       ^'  4-: .    ?  ;.i'i7ed  different  authors 
•. --  V?j  w.i-  nnge  of  subjects 

.'    •  .  ?.- :d-.:.:2;s  of  this  one  house 
:$     jf    Subject    Headings. 
V.  'J  ,    .  .'.      v.'  -oaY'fntence  of  librari- 

.ti-  •  ^  ?   I   M  i^e-i  li  conformity  with 

'».     !^^ .:...     X  -.•;.»:         -.-[^i^ssijlcatioa  used  by 

'.I  .-     i    .  .      •   *  .y.i".\ 
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■   l>  (kl*   dfjiartmiDt   atll    b«   ifrattd   (a  nsfwan  to 

*^T«    laqmlrlM    vlll    ba    uii*(r*il    brlaOr    V  lUl 

■  m>4*ct*  tnanllamd.  wtlhual  >r|>tcltrlDC  lb*  *d*i 

irlMMiM  na  atairi  tM  ebutui>]   ty  writlu  lo  m 


lit[i»n.    Wh*r«  ii 


litillMWiM  BdrnUlIc  Books. 

W«  u*  cooalderlnc  ibo  InstaltKUoii  or  & 
Hftftll  Ubmr  at  am  of  our  pUnta.  and  would 
b»  ptaaflMl  to  hATo  four  recommendKlloa  of 
MOM  books  OD  Kvneral  eDBloeerlDK  and  eel- 
MlUAc  nbjacu.      A.   B.  Co..   New    Tork. 

A  aolUbla  Ilat  for  iuch  a  purpose  was 
p«bll«h*il  In  T«chiilcal  Mtera(ur«  for  June, 
«B4«r  Xh*  UU«  of  "A  |60«  Technical  LI- 
braiT-'*  Tba  EnslDe«rlng  News  Book  De- 
poruncat  hat  raprlnt«d  this  liat  for  drcula- 
Ooo  wttk  aonv  allsht  cttangea  and  addl- 
Untta.    as    a    "Medium-priced    Tecbnica]    Lt- 

teM. — A.  R-  C  Co..  New  York. 

Tk»  bast  brM  treatment  of  this  subject 
la  iB  rbor|,*a  "Industrial  Chemistry"  (The 
lU/nlllak  CO..  I3.T&I.  which  fiplatni  the 
•olar  pTXK«aB  and  other  metboda  of  produc- 
tin*. 

«T<ii    OaowTlc. — B.   M..   Indianapolis. 

We  kaow  of  no  book  treallne  exctustvely 
at  tbia  aab)*rt.  It  la  touched  nn  to  a  Kreal- 
wr  or  laM  extent  In  sev<>ra1  works  on  i-on- 
owu.  aapoctellT  In  Raid's  "Concrete  and  Re- 
lafonad  Concrete  Connlructlon."  IM.  C. 
Clark  rsMIahl&K  Co.  15.00).  ArUcles  on 
Ik*  ««bioct  app#arod  la  "Engtnoerlng  News" 
o(  Dm.  is.  1>00.  and  Jan.  3,  laoi. 

O^MMI.   CownwW,  anal   Krlnfnrccit   Concrrtr. 
Mora   Ukqnlrla   for   Informailon   un   thiite 
tvUocta   li**«    boat)    r«>rolvf<d    than    on    any 
■tkcra.  aad  on  aocount  at  this  <-\ld«nt  loter- 
mt  w  AVpvad  a  list  of  tho  currvni  books, 
■■cl««t*elr  or  partly  tr«>BllnB  of  conrrt^te  and 
■  ■■atit.        Detailed     lofarmatlou      regard  I  at; 
ife«aw  may  be  bad  tram  rrtnll  [lea1«ni  or  by 
tkla    journal.     In    the    January 
r  at  Tachnlcnl  Lltvrniurp  was  published 
■i    RSeraJ   reTtew   of   the  current    books   on 
--lafereed  coocretR.  by  %\t.  L.  S.  Molastllt,  of 
':•  ?tew   Tork   Drldxa    Department,   and   fn 
nla  laono  we  preseni  a  review  ot  the  cur- 
rant perlodlral   literature  on  the  subject  by 
Mr.   A.   W.   Bnol. 

Tb*  Uat  of  book>  U  as  fpllows: 
C*B»eni  and  iTimrrete-    By  l.ouU  C.  Sabtn. 
M   Bdllton.    (ycOraw.   IS.OOI. 

Treat iM  on  Concrete.  Plain  and  Roln- 
(anad.  By  Fredorirk  W.  Taylor  and  Sau- 
tord  E    TtuHSpeun-     IWIlfy.  t&.OO)- 


DU(M  or  illitdviiQtM**  at  sny  «ib»<Uii«  ■arfea. 
ir  •>(  lh<  daalnn  Kdfaniilnf  la  THbiilc*]  LlMnnir*. 
■dlat*  >Bi]  panoDil  kUuiUoii  lo  ■  communiaillOD  I* 


Reinforced  Concrete.  Hy  A.  Conald«r«. 
Translated  from  Ihe  French  by  Loon  8. 
UolsMlir.      Second   EdlUon.    (McOraw.   |1). 

Kelnfon-ed  Conrrotc.  By  A.  W.  Guel  and 
C,  S.  Hilt,  8erond  Kdltlon.  ( I2nitlne«rlni 
NowB.  15.00.  net). 

Concrete  and  Reinforced  CaDcrrte  Con- 
B,trucUon.  By  Homer  A.  Held.  I M.  O. 
Clark  Co.,   (5.00,  net). 

Reinforced  Concrete.  By  Charloa  F. 
Marsh  and  William  Dunn.  Third  Edition. 
(Van  Nostrand.  17.00). 

Handbook  on  Reinforced  Concrote.  By 
P.  D.  Warren.  Second  BdlUoh.  (Van  Not- 
trand.    12.50). 

Arrhliccts'  and  Bnxlne«rfl'  Handbook  of 
Reinforced  Concrete  Construct  I  cnta.  By  L. 
J...M«nsr-h.     (12.00). 

Concrete  Steel.  By  W.  N.  Tw8lvotr«««. 
(Price,   11.90). 

Graphical  Handbook  for  Reinforced  Con- 
crete Design.  By  John  Hawkawortb.  C.  B. 
(Van  Nosirand.  tl.50). 

Brayton  Standards  for  the  ralform  D»- 
slsn  of  Reinforced  Concrete-  By  Lonls  T. 
Brayton.      Second   Bdlllon.      (I3.0D). 

Theory  of  Steel -Concrete  Arcbei  and  of 
Vaulted  Strurlurcs.  By  William  Cain.  (Van 
NoBtrand.  &U  cents). 

ConrriMe  Fsclorleo.  By  Robert  W.  Laa- 
tey.      (11.00). 

Instructions  lo  Inapoclora  on  Reinforced 
Concrete  Consirucllon.  By  Ooorge  P.  Car- 
ver.      laO   tenia). 

Handbook  for  t'oment  Usera.  By  Chas. 
C.  lltowD.     Third  KdttloD.     113.00). 

Ccmt^ot  Worker's  Handbook.  By  W.  H. 
Bakpr.      <  KngtoeerlnK  New*,  50  conts). 

The  Cement   Industry,     (19.00). 

Concrete  Block  Manufacture.  By  Har- 
mon  H.   Rk-e.      (Wiley.  11.00). 

Manufacture  ot  Concrete  Blocks  and  Their 
L'ee  In  Building  Construction.  By  H.  H. 
Rke,  Wm.  M.  Torrance,  and  others.  (Bn- 
Blni^rlnK  Newi.  11.50). 

Hallow  Concrete  Block  Butldlnc  Con- 
struniion       By    Spencer    B.    Newberry.    (tP 

ArilBdal  Stone.  Terra  OotU.  etft.  WIIM 
By  John  Block.      OS  <««tB). 
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Directory  of  American  Cement  Industries, 
1906.     By  Charles  C.  Brown.   (|5.00). 

Handbook  of  Cost  Data.  By  Halbert  P. 
Gillette.      (M.  C.  Clark  Co.,  |4.00). 

Cements,  Mortars  and  Concretes.  By 
Prof.  Myron  S.  Falk.  (M.  C.  Clark  Co., 
$2.50,  net). 

Experimental  Researches  Upon  the  Con- 
stitution of  Hydraulic  Mortars.  By  H.  Le 
Chatelier.  Translated  by  Joseph  L.  Mack. 
(12.00). 

.    Portland  Cement.     By  Richard  K.  Meade, 

B.  S.       (Chemical  Publishing  Co.,   |3.50). 

Cements,  Limes  and  Plasters.    By  Edwin 

C.  Eckel.      (Wiley,  16.00). 

Practical  Cement  Testing.  By  W.  Purves 
Taylor.      (M.  C.  Clark  Co.,  |3.00). 

Hydraulic  Cement.  By  Frederick  P. 
Spalding.      (Wiley,  |2.00). 

Portland  Cement,  Its  Manufacture,  Test- 
ing and  Use.    By  David  B.  Butler.    ($5.25). 

Calcareous  Cements.  By  Gilbert  R.  Red- 
grave and  Chas.  Spackman.  Second  Edition. 
($4.50). 

Hydraulic  Power  Plants. — P.  N.,  Los  Angeles, 
Cal. 

The  most  modern  books  treating  of  this 
subject  iu  a  style  suitable  for  a  beginner. 

Of  the  several  good  books  on  the  subject 
of  Power  Plants,  those  best  answering  the 
requirements  are: 

Beardsley's  "Hydroelectric  Plants.".  (Mc- 
Graw,  $5.00,  net). 

A  hydraulic  and  hydroelectric  engineer's 
handbook,  covering  hydraulic  principles, 
measurement  of  flow,  reconnolsance  of  wa- 
ter power,  materials,  hydraulic  construction, 
power  house  construction  and  equipment, 
and  power  transmission. 

Hutchinson's  "Long  Distance  Electric 
Power  Transmission."  Third  Edition.  (Van 
Nostrand,   $3.00.  net). 

A  treatise  on  the  hydroelectric  generation 
of  energy;  its  transformation,  transmission 
and  distribution. 

Cost  Data. — T.  R.  L.,  New  York. 

Is  there  any  book  on  cost  estimating  In 
building  construction  similar  to  Gillette's 
"Cost  Data"? 

The  only  one  that  can  lay  any  serious 
claims  to  actual  usefulness  is  Arthur's  "The 
Building  Estimator."      ($1.50). 

This  is  a  small  handbook  of  184  pages,  iu 
which  the  author  has  succeeded  in  crowd- 
ing a  great  deal  of  valuable  cost  data  cov- 
ering a  wide  range  of  subjects.  It  is  pub- 
lished by  the  author  in  Omaha,  Neb.,  and 
much  of  the  data  are  based  on  the  ruling 
prices  of  that  district.  At  the  same  time 
the  book  appears  to  be  the  most  complete 
of  its  class  yet  published.  It  can  probably 
be  supplied  by  any  of  the  dealers  advertls- 
iDg  Jn  Technical  Literature. 


Sea-Ooast  Work.^— D.  B.,  Montreal,  Canada. 

Treating  of  harbors,  coast  protection,  Jet- 
ties, etc. 

Wheeler's  "The  Sea  Coast:  Destruction, 
Littoral  Drift,  Protection."  (Longmans, 
$4.50). 

Wheeler's  "Tidal  Rivers:  Their  Hydrau- 
lics, Improvements  and  Navigation."  (Long* 
mans,  $5.00). 

Colson's  "Notes  on  Docks  and  Dock  Con- 
struction."     (Longmans,   $7.00). 

Cunningham's  "Treatise  on  Principles 
and  Practice  of  Dock  Engineering."  (Lip- 
pincott,  $9.00). 

Shields:  "Principles  and  Practice  of  Har- 
bor Construction."      (Longmans,  $5.00). 

Contract  Law. — ^E.  P.  B.,  Chicago. 

The  works  on  this  subject  by  Mr.  John 
C.  Wait  have  long  been  recognized  as  the 
standards.     These  are: 

Walt's  "Engineering  and  Architectural 
Jurisprudence."   ($6.00). 

Covers  the  law  of  construction  for  engi- 
neers, architects,  'contractors,  builders,  pub- 
lic officers  and  attorneys. 

Wait's  "Law  of  Operations  Preliminary 
to  Construction."     ($5.00). 

Rights  in  real  property,  boundaries,  ease- 
ments and  franchises. 

Walt's  "Law  of  Contracts."      ($3.00). 
A  text-book  on  the  subject. 

These  are  published  by  John  Wiley  & 
Sons.  Besides  these  are  Johnson's  "Engi- 
neering Contracts  and  Specifications" 
($3.00)  and  Waddell  and  Wait's  "Specifica- 
tions and  Contracts"  ($1.00)  (In  press), 
published  by  the  Engineering  News  Book 
Department,  and  "A  Lecture  on  the  Law  of 
Contracts,"  by  John  Mason  Brown.   ($1.00). 

Curve  Tables  in  the  Metric  System. — ^E.  E.  B., 

Mexico. 

Handbook  of  Curve  Tables  giving  func- 
tions of  the  metric  curve. 

Allen's  "Table  of  Parabolic  Curves." 
(Spon,  $2.00). 

'Published  specially  for  use  in  countries 
using  the  metric  system,  and  used  exten- 
sively in  South  American  countries. 

Mathematical  Tables. — C.  B.,  San  Francisco. 
Chamber's   "Mathematical   Tables."    (Van 
Nostrand,  $1.75). 

Claudel's  "Handbook  of  Mathematics.*' 
(McGraw,  $3.50). 

Water   Pii>e8   and  Joints. — J.    B.    C,   Toronto, 

Canada. 

A  pamphlet  entitled  "Standard  Specifica- 
tions for  Cast-iron  Pipe  and  Special  Cast- 
ings." gives  this  information.  The  specifi- 
cations were  adopted  Sept.  10,  1902,  by  the 
New  England  Water-Works  Association  and 
were  published  by  the  Society  in  1903. 
(Price.  10  cents). 
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Uy  SrLVAXI'3  P    THO 

ly  of  kcUon  ftDd  raactlon  make  (or 
ily  In  the  wvoluUon  vt  ibe  scl- 
nurlM,  but  bIm  In  tho  dGveiopmenl 
todUldual  •nglDO«r.  In  hlni.  ir  hta 
on  riglit  lln«s.  pure  theory  becomes 
•ouod  pracitce:  and  praeilcal  appU- 
«r«  MmtlQually  calling  bIm  to  rocort 
I*  alMUactloiu  of  [bought.  Ibe  un<l«rly- 
hlch,  when  known  and  forma- 
callad  ibeorle«.  Recent  yeari  have 
about  a  eo  much  belter  underetand- 
Inrailofl,  In  lla  bearing  upon  the  pro- 
and  conrtnictlTe  InduBtrtea.  that  we 
DB  hear  the  praotlcal  man  deuuunc- 
T>  or  th«  Ibvorlat  pooh-paohlnt;  prac- 
la  rarocmied  that  each  is  usi-fui.  and 
'  liMt  tWM  of  both  ar«  hi  conjunction. 
bolailoB.  Am  a  renult  of  ihls  better 
UAdtax  diatlnci  prottreu  U  being  made 
BlUm  ot  en«lneera.  Of  ihla  the  growth 
a(  department*  ol  the  unlver- 
tbe  tachnkal  coUegeH  and 
itrtklnK  avldente.  Tbe  tech- 
meraerar,  are  recoRnlilns  that 
it  have  a  aound  prellmlnurr 
advandnx  In  tho  reiiulre- 
of  eandldatea  [or  adinlBslou. 
Ilaic  out  how  Iheir  work  may 
he  practical  training  In  the 
ate  Improving  their  turrlcula  ac- 
In  the  engineering  Industry,  too, 
alow  I  y  following  Ibtt  lead 
Oermany.  and  Switierland, 
lUOB  afforded  to  the  ralue  of  a 
PC*  training  for  the  young  en- 
h  ilierv  la  Btlll  much  apathy  and 
ahown  In  ewrtain  quarters  Yet 
donbt  that  the  slreaa  of  compell- 
ilarly  of  competition  against  tba 
the  enleriirlse  of  the  tralneil  men 
lana.  Is  gradually  forcing  to  the 
favor  of  a  rational  and 
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■clentlflc  training  for  the  manufacturer  and 
tor  the  enslneer.  Aa  William  Waiaon.  In  his 
"Ode  on  the  Coronation."  wrote  In  a  yet 
wider  sense  of  Bngland: 
Kor  no*  ibc  4ay  ■■  unto  th*n  ibat  know. 
And  not  biMiceranh  th»  ■tunblas  aa  tb*  prtsi: 
And  foodvi  msrcb  Ihr  nailoDS  full  ol  >r»- 
Almdy  i>  doom  a-iplnolDS.  .... 
Truly  the  day  la  "unto  ihera  that  know." 
Knowledge,  perfucted  by  study  and  tralnlnc, 
must  be  Infused  Into  the  eiperlenc«  gained  by 
practice;  else  we  compete  at  very  unequal 
odds  wlib  the  systematically  trained  workara 
of  other  natlona.  Nor  must  we  make  the  mto- 
tnke  here  In  the  organisation  of  our  technical 
Institutions  ot  divorcing  the  theory  from  Ita 
iisetul  AppllcallAiM.  1&  hd  departmeot  U  tbU 
more  vital  than  In  the  teaching  of  matbemat- 
Ica  to  engineering  studenta.  For  while  no  aana 
person  would  deny  that  the  study  ot  math*- 
matlce.  for  the  sole  aake  of  mathematics,  even 
though  It  leads  to  nothing  but  abstract  math* 
ematlcs.  Is  a  high  and  ennobling  pursuit.  yM 
Ibat  le  not  the  object  ot  mathematical  atudtM 
In  an  engineering  school.  Tbe  young  fuglneer 
must  learn  mathematics,  not  as  an  rnd  In  It- 
self, but  as  a  tool  thai  Is  to  be  usetui  to  him. 
And  If  It  Is  afterwards  to  be  ot  use  to  him. 
he  must  learn  It  by  using  It.  Hence  the  teach- 
er of  mathematics  In  nn  euKlneerlng  school 
ought  himself  to  be  an  engineer.  However 
clever  he  be  as  a  roalbematlcal  peraon,  lUa 
teaching  Is  unreal  If  he  Is  not  InceuanUr 
■bowing  his  learners  bow  to  apply  It  to  tbe 
problema  that  arise  In  prBctlc«:  and  thia  ha 
la  Incapable  ot  doing  (f  these  problema  do  not 
He  wlthlD  Ms  own  range  of  aiperlence  and 
knowledge.  Wer«  ha  a  heaven-bom  senior 
wrangler,  he  Is  the  wrong  man  to  teach  maib- 
ematlcs  If  he  either  despises  or  la  Ignorant  ot 
the  waya  In  which  mathematics  enter  Into  en- 
gineering. The  fact  Is  that  for  the  great  ma- 
jority ot  engineering  students,  the  mental 
training  they  most  need  Is  that  which  will 
enable    them    to  think    In    pb.rslcs.    In    i 
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lc8,  in  geometric  space,  not  in  abstract  sym- 
bols. The  abstract  symbols,  and  the  processes 
of  dealing  with  their  relations  and  combina- 
tions, are  truly  necessary  to  them;  but  they 
are  wanted  not  for  themselyes,  but  to  form 
convenient  modes  of  expressing  the  physical 
facts  and  laws,  and  the  interdependence  of 
those  physical  facts  and  laws.  When  the  stu- 
dent looses  grip  of  the  physical  meaning  of  his 
equations,  and  regards  them  only  as  abstrac- 
tions or  groupings  of  symbols,  woe  betide  him. 
His  mathematics  amount  to  a  mere  symbol 
Juggling.  That  is  how  paper  engineers  are 
made.  The  high  and  dry  mathematical  master 
who  thinks  it  beneath  him  to  show  a  student 
how  to  plot  the  equations  y  =  A  sin  x,  or  r  = 
b  sin  0,  or  who  never  culls  an  ezomple  or  sets  a 
problem  from  thermodynamics  or  electricity, 
must  be  left  severely  on  one  side  as  a  fossil. 
Better  a  living  Whitworth  scholar  than  a  dry- 
as-dust  Cambridge  wrangler.  Heat  least  knows 
that  elasticity  is  something  more  real  than  the 
group  of  symbols  E  =  p  -^  A  x/z,  which  any 
mathematician  may  "know,"  even  though  he 
be  blissfully  ignorant  whether  the  force  re- 
quired to  elongate  a  square-inch  bar  of  steel 
by  one  one-millionth  of  its  length  is  10  oz.  or 
10  tons. 

One  evidence  of  the  wholesome  change  of 
opinion  that  is  springing  up  concerning  the 
training  of  engineers  is  the  abandonment  of 
the  system  of  taking  premium  pupils  into 
works  with  no  other  test  or  qualification  than 
that  of  the  money-bag.  Already  many  lead- 
ing firms  of  engineers  have  been  finding  that 
the  practice  of  taking  sons  of  wealthy  parents 
for  a  premium  does  not  answer  well,  and  is 
neither  to  their  own  advantage  nor  in  many 
cases  to  that  of  the  '*pupil,"  whom  it  is  no- 
body's particular  business  in  the  shops  to 
train.  Premium  pupilage  is  absolutely  un- 
known in  the  engineering  firms  of  the  United 
States  or  on  the  Continent  of  Europe.  The 
firms  who  have  abandoned  it  are  finding  them- 
selves better  served  by  taking  the  ablest  young 
men  from  the  technical  schools  and  paying 
them  small  wages  from  the  first,  while  they 
gain  experience  and  prove  themselves  capable 
of  good  service.  Messrs.  Yarrow  &  Co.  have 
led  the  way  with  a  plan  of  their  own,  having 
three  grades  of  apprenticeship,  admission  to 
which  depends  upon  the  educational  abilities 
of  the  youths  themselves.  Messrs.  Siemens 
have  adopted  a  plan  of  requiring  a  hl.i;h  pre- 
liminary training.  The  Daimler  Motor  Com- 
pany has  likewise  renounced  nil  premfruma, 
preferring  to  select  young  men  of  the  highest 


intelligence  and  merit.  Messrs.  Clayton  and 
Shuttleworth  have  quite  recently  reconstrua- 
ed  their  system  of  pupil-apprenticeship  on 
similar  lines.  The  British  Westinghouse 
Company  and  the  British  Thomson-Houston 
Company  have  each  followed  an  excellent 
scheme  for  the  admission  of  capable  young 
men.  Even  the  conservatism  of  the  railway 
engineer  shows  signs  of  giving  way;  for  al- 
ready the  Great  Eastern  Railway  has  modern- ' 
ized  its  regulations  for  the  admission  of  ap- 
prentices. What  the  engineering  staffs  of  the 
railway  companies  have  lost  by  taking  in  pu- 
pils because  of  their  fathers'  purses  rather 
than  for  the  sake  of  their  own  brains  it  is  im- 
possible to  gauge.  But  the  community  loses 
too,  and  has  a  right  to  expect  reform. 

To  this  question,  affecting  the  whole  future 
outlook  of  engineering  generally,  a  most  im- 
portant contribution  was  made  in  1906  by  the 
publication  by  the  Institution  of  Civil  Engi- 
neers of  the  report  of  a  Committee — appointed 
in  November,  1903 — to  consider  and  report  to 
the  Council  upon  the  subject  of  the  best  meth- 
ods of  education  and  training  for  all  classes 
of  engineers.  This  Committee,  a  most  influen- 
tial and  representative  body  consisting  of 
leading  men  appointed  by  the  several  profes- 
sional societies,  the  Institutions  of  Civil,  Me- 
chanical and  Electrical  Engineers,  the  Instita" 
tion  of  Naval  Architects,  the  Iron  and  Steel 
Institute,  the  Institution  of  Gas  Engineers, 
the  Institution  of  Mining  Engineers,  and  two 
northern  societies,  was  ably  and  sympatheti- 
cally presided  over  by  Sir  William  H.  White. 
Its  inquiries  lasted  over  two  years,  and  in- 
cluded the  following  sections:  (1)  Prepara- 
tory Training  in  Secondary  Schools;  (2) 
Training  in  Offices,  W^orkshops,  Factories,  or 
on  Works;  (3)  Training  in  Uniyersitles  and 
Higher  Technical  Institutions;  (4)  Post-grad- 
uate Work.  The  findings  of  this  Committee 
must  be  received  as  the  most  authoritatlTe 
judgment  of  the  most  competent  Judges.  So 
far  as  they  relate  to  preparatory  education 
they  suggest  a  modernized  secondary  school 
curriculum  iu  which  there  is  no  one  specialized 
scientific  study,  but  with  emphasis  on  what 
may  be  called  sensible  mathematics.  They 
also  formulated  one  recommendation  so  vital 
that  It  must  be  quoted  in  full:  "A  leaving 
oxaniination  for  secondary  schools,  similar  in 
charaotor  to  those  already  existing  in  Scotland 
and  Walos.  is  desirable  throughout  the  United 
Kingdom.  It  is  desirable  to  have  a  standard 
sui'h  that  It  could  be  accepted  by  the  Inatitn- 
tiou  [of  Civil  Eugineers]  as  eqniyalent  to  the 
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ACutleniiihlp  ExamlnatiouH  and  by  the  Univer- 
^;cif-4  and  CoUe^ort  as  €M|ulvul«*ni  to  a  Matrlc- 
uUtion  KxaDilnatlon." 

Oni*  may  well  wonder  why  Hiich  a  reat<on- 
abU*  retomnicndatlon  hus  not  iun^  ago  been 
iikrrttHl  out  by  the  Hoard  of  Edui'ati<}n.  Per- 
haps it  ha«  been  too  busy  ov*t  the  religious 
nquabble  to  attend  to  the  pressing  needs  of 
the  nation. 

The  second  ^et  of  re<oniuit'ndations  relates 
to  «*nKineering  training.  It  begins  with  the 
anno'.incement  thai  "long  ex|>erience  has  led 
to  general  agreement  among  engineers  as  to 
the  general  lines  on  which  practical  training 
should  pr(H:e«*d;"  but  goi*8  into  no  recommend* 
atJonii  on  this  head  beyond  favoring  four  years 
tn  workshops,  on  works,  in  mines,  or  in  oflices, 
e&pr«»slng  the  pious  desire  that  part  of  this 
practical  training  should  be  obtained  in  draw- 
ing-offices, and  suggesting  that  during  work- 
shop training  the  boys  should  keep  regular 
hours,  be  subject  to  discipline,  and  be  paid 
wages.  It  then  lays  down  a  dozen  recom- 
mendations as  to  the  "academic"  training 
suitable  for  the  average  boy.  He  should  leave 
school  about  seventeen;  he  should  have  a  pre- 
liminary year,  or  introductory  workshop  course 
of  a  year,  either  between  leaving  school  and 
entering  college,  or  after  the  first  year  of  col- 
lege training.  If  the  workshop  course  follows 
straight  on  leaving  school  there  must  be  main- 
tenance of  studies  either  by  private  tuition 
or  in  evening  classes,  so  that  systematic  study 
be  not  suspended.  For  the  average  student. 
If  well  prepared  before  entering  college,  the 
rourse  should  last  three  academic  years — 
three  sessions—  in  some  cases  this  might  be 
extended  to  four  or  shortened  to  two.  A 
sound  and  extensive  knowledge  of  mat  hemat- 
ics is  necessary  In  all  branches  of  engineering. 
sad  those  departments  of  mathematics  which 
hsTe  no  bearing  upon  engineering  should  not 
claim  unnecessary  time  or  attention.  The 
Committee  strongly  recommends  efllcient  in- 
struction in  engineering  drawing.  The  col- 
k-ge  course  should  Include  instruction — neces- 
sarily given  In  the  laboratory — in  testing  ma- 
t«^riaU  and  structures,  and  in  the  principles 
underlying  metallurgical  procet^sc^.  In  the 
granting  of  degrees,  diplomas,  and  certificates, 
importance  should  be  attached  to  laboratory 
and  experimental  work  performed  by  indtvid- 
sal  students,  and  such  awards  should  not  de- 
p^nd  on  the  results  of  terminal  or  final  exam- 
inations alone. 

All  this  Is  most  excellent.  It  will  be  seen 
that  it  Is  entirely  Incompatible  with  the  pre- 


mium-pupil ^yst«•nl,  which  ma>  tlnTefore  Lc  re- 
Karded  Ub  having  been  weighed  and  found 
>\ anting.  For  two  things  clearly  stand  out: 
that  the  young  engineer  intisi  be  college- 
trained,  and  that  when  he  goe.i  tu  works  he 
should  be  regularly  pai<l.  It  would  have  been 
well  if  the  Committee  could  have  l>een  more 
explicit  as  to  the  proper  course  of  workshop 
training;  fun  instance,  as  to  the  sybiemutic 
drafting  of  the  young  engineer  through  the 
shops — forge,  foundry,  pattern-shop,  fitting* 
shop.  etc..  and  as  to  the  proper  recognition  of 
the  duty  of  the  shop  foreman  to  allocate  work 
to  the  novice  In  suitable  routine.  Thrse  are 
doubtless  among  the  matters  in  which  "long 
experience  has  led  engineers  to  general  agree- 
ment." But  this  being  so,  it  would  have  been 
well  to  state  them  authoritatively.  A  notable 
feature  of  this  report  is  its  healthy  a ppr chela- 
tion of  the  advantages  of  training,  and  an 
equally  healthy  distrust  of  the  practice  of 
cramming  for  examinations.  So  soon  as  any 
subject  is  crammed,  it  ceases  to  afford  a  real 
training.  "Nature  provides  a  v(>ry  convenient 
safety  valve  for  knowledge  too  rapidly  ac- 
quired." It  is  even  whispered  that  a  new  spe- 
cies of  crammer  has  arisen  to  "prepare"  can- 
didates In  engineering  for  the  graduate  exam- 
inations of  the  Institution  of  Civil  Engineers. 
The  distinguished  framers  of  this  epoch-mak- 
ing report  on  the  education  and  training  of 
engineers  at  least  give  no  countenance  to  any 
such  parasitical  development.  For  the  scheme 
of  education  and  training  at  which  the  Com- 
mittee has  aimed  is  genuinely  scientific,  a 
happy  federation  of  the  theoretical  with  the 
practical.  It  seeks  to  place  the  training  on  a 
broad  basis,  and  to  secure  to  every  future  en- 
gineer worthy  of  the  name  the  advantage  of 
learning  his  professional  work  in  lioth  its  as- 
Iiects.  It  seeks,  in  short,  to  take  advantage  of 
that  reflex  action  between  science  and  Its  ap- 
plications in  which  lies  the  greatest  stimulus 
to  progress.  Its  adoption  will  utilize  for  the 
young  engineer,  and  therefore  for  the  engi- 
neering industry  as  a  whole,  the  facilities  for 
training  now  so  widely  afforded  thniughout 
the  country.  If  the  institutions,  schools,  and 
colleges  where  engineering  training  is  offered 
are  but  rightly  developed  and  co-ordinated, 
the  engineers  of  Great  Britain  need  have  no 
ft-ar  as  to  holding  their  own  against  the 
trained  engineers  of  other  countries.  It  is  for 
the  employers  to  make  use  of  thes^c  institu- 
tions, and  to  show  that  sympathetic  interest 
in  their  efficiency  which  is  essential  to  their 
full  success. 
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PERSONAL. 

Dr.  William  Freeman  Myrlck  Goss  has  re- 
signed as  dean  of  the  schools  of  engineering 
and  director  of  the  engineering  laboratory, 
Purdue  University,  Lafayette,  Ind.,  to  become 
dean  of  the  college  of  engineering,  University 
of  liiinois.  Champaign,  111.  Dr.  Goss  was  born 
at  Barnstable,  Mass.,  on  October  7,  1859.  After 
a  course  at  the  Massachusetts  Institute  of 
Technology,  he  went  to  Purdue  in  the  fall  of 
1879  and  organized  the  department  of  prac- 
tical mechanics,  of  which  he  ever  since  has 
been  the  head.  Dr.  Goss  is  very  widely  known 
in  the  railway  Held  by  reason  of  the  extended 
Investigations  of  locomotive  performance 
which  he  has  conducted  at  the  Purdue  labora- 
tories during  the  last  16  years.  The  principal 
results  of  Dr.  Goss*  work  on  the  locomotive 
were  published  recently  In  his  "Locomotive 
Performance."  More  than  any  other  man  who 
has  been  engaged  primarily  in  university  edu- 
cational work,  Dr.  Goss  has  been  Identified 
with  the  practical  affairs  of  railways  and  is 
recognized  as  an  authority  of  the  highest  stand- 
ing In  matters  pertaining  to  the  mechanical  de- 
partment. The  deposit  at  Purdue  of  much  of 
the  experimental  apparatus  of  the  railway  me- 
chanical associations,  and  the  donations  to  the 
railway  museum  of  the  university  are  quite  as 
much  a  personal  tribute  to  Dr.  Goss  as  to  the 
prestige  of  the  university,  which  is  so  largely 
due  to  him.  Dr.  Goss  has  been  a  member  of 
the  American  Railway  Master  Mechanics'  As- 
sociation since  1895,  and  of  the  Master  Car 
Builders'  Association  since  1902.  He  Is  a  mem- 
ber of  the  Western  Railway  Club  and  served 
as  Its  president  In  1901,  and  is  a  member  of 
the  American  Society  of  Mechanical  Engineers 
and  of  other  associations  of  engineers  and  edu- 
cators. Recently  he  was  chosen  by  the  Car- 
negie institution  of  Washington  to  carry  on 
special  investigations  relative  to  superheated 
steam  for  locomotives. 

Prof.  Charles  Henry  Benjamin  has  been  ap- 
pointed dean  of  the  school  of  engineering  of 
Purdue  University.  He  will  succeed  Prof.  W. 
F.  M.  Goss,  who  has  resigned  to  accept  a  simi- 
lar appointment  In  the  University  of  Illinois. 
Professor  Benjamin  has  held  the  chair  of  me- 
chanical engineering  In  the  Case  School  of  Ap- 
plied Science  since  1889,  previous  to  which 
time  he  was  for  three  years  engaged  in  the 
practice  of  engineering  and  for  six  years  pro- 
fessor of  mechanical  engineering  In  the  I.'ni- 
verslty  of  Maine,  his  alma  mater. 

Stevens   Institute   of   Technology. — John   C. 


tural  engineering.  Professor  Ostrup  is  a  grad- 
uate of  the  Polytechnic  School  in  Copenhagen, 
Denmark,  later  studying  at  the  Chicago  Engi- 
neering School,  and  has  had  a  large  and  varied 
experience  in  Important  work  extending  over 
17  years. 


OBITUABY. 


Leveson  Francis  Vemon-Harcourt,  M.  Inst. 
C.  E.,  one  of  England's  distinguished  en- 
gineers, and  one  of  wide  experience  in  river  and 
harbor  work,  etc.,  died  on  Sept.  14  at  Swanage, 
England.  He  was  the  youngest  son  of  the  late 
Admiral  F.  E.  Vernon-Harcourt,  and  was  bom 
in  1839.  His  early  education  was  received  at 
Harrow,  and  he  afterwards  went  to  Baliol  Col- 
lege, Oxford,  where  he  took  degrees  in  1861 
and  1862.  For  three  years  thereafter  he  wan 
with  the  late  Sir  John  Hawkshaw,  F.  R.  S., 
President  in  1861  of  the  Institute  of  Civil  En- 
gineers; he  then  became  Resident  Engineer  of 
the  Southwest  India  Dock  Works.  After  hold- 
ing various  other  positions  in  the  line  of  har- 
bor work,  he  began  practicing  as  a  consulting 
engineer  in  1878,  at  the  age  of  39.  In  1882 
he  was  appointed  Professor  of  Civil  Engineer- 
ing at  University  College,  London,  and  was 
made  Emeritus  Professor  in  1906. 

Mr.  Vernon-Harcourt  was  regarded  as  an 
authority  on  canal  and  river  engineering,  and 
particularly  on  the  subject  of  hydraulic  canal 
lifts.  In  1904  he  was  a  member  of  the  Inter- 
national Jury  at  Vienna,  on  projects  for  canal 
lifts;  for  his  services  at  that  time  he  was  made 
a  Commander  of  the  Imperial  Franz  Josef  Or- 
der of  Austro-Hungary.  The  deposition  of  silt 
in  channels  and  at  ports  was  also  one  of  his 
principal  studies. 

In  1896  Mr.  Vernon-Harcourt  went  to  India 
to  make  a  report  to  the  Port  Commissioners 
of  Calcutta  on  the  Improvement  of  the  Hooghly 
River.  He  also  served  on  the  Juries  of  Award 
for  Civil  Engineering  at  the  Paris  Exposition 
of  1900  and  the  Louisiana  Purchase  Exposition 
in  1904.  In  1905  he  represented  England  at 
the  Navigation  Congress  held  at  Milan,  and  In 
1906  was  appointed  as  British  member  of  the 
Consultative  Commission   for  the  Suez  Canal. 

His  literary  work  was  quite  extensive,  em- 
bracing many  professional  papers  and  a  num- 
ber of  standard  volumes,  among  the  latter  be- 
ing "Rivers  and  Canals"  and  ''Harbors  and 
Docks."  His  latest  work  on  water  supply  and 
sewage   disposal    was   published   early    in   the 


Ostrup  has  been  appointed  professor  of  struc- present  year. 
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KUBCnUC  UrUAMOMETKIUl  I'tm  TKNT- 
UO    OASOU»K    KN(1IMC8. 

Tb»  (liBcrvnc*  b«tve«n  the  atv  nud  iti« 
■M  BMted  of  WMJbc  Kuoleae  engliiM  In  toe- 
M>flH  btfor*  •UpBwat,  Is  largely  reapoulble 
for  tfc«  paccM*  ktutlnttd  by  theae  mAchlneB 
durlnc  lb*  pMi  f««r  jvn.  The  old  method 
cMUtaled  Ib  rannliiK  lh«  engine  by  lu  own 
power  lotui  VBOadl  lo  uaure  Ihe  tealt^r  Ihui 
tb«  worklas  parts  were  running  smoothly,  but 
as  ■—■ unwieaU  w«f«<  made  or  the  power  the 
•atfa*  dcTstoped.  In  ihe  now  niuitiod  the 
■■■Um  li  loadwd.  and  accursip  tests  under 
*>— I  candltlofu  are  made  of  the  actual  brake 
howL  power  developed  by  the  ensloe. 

"n*  elvclrle  d]  nam o meter  offers  an  easy, 
•Bcntmtc.  and  eflldeot  means  of  obUlDlng  lo- 
•taauaeoas  values  o[  the  brake  horse-power 
of  iM  Mtflne  and  also  ut  placing  full  load  on  It 
for  a  long  time  without  cxeewlvu  heaUng  of 
tb*  drnamomelrr.  The  brake  horse-power  ut 
*a  eailBe  operailns  ai  different  speedo  can  be 
ra»dU;  d«termln*d  with  sreai  precision,  and 
.:«tBC  lu  lb«  almpUdty  of  the  apparatui  and 
alcttluloaa.  the  t««t  can  be  made  by  rompar- 
tivetr  iBeiperlebced  attendaoLs, 

Tba  wlMcirlc  dynamometer  built  by  the 
Spracwe  Elerirlr  CompaDy  Is  sjieclally  designed 
tar  ahaorbJng  and  meaaurlng  ih«  ^wer  de- 
*«lop«d  by  Kaaa)en«  engines  In  taciory  teats. 
It  Is  nlao  aalUblc  tor  tealln«  any  type  of  en- 
tfa*  mr  rnttiar,  and  fur  measuring  power  from 
aar  —Chan  Ira  I  aouree.  This  dynamometer 
iiUm*  (ran  tb«  w«11>known  Prony  brake  In 
lim  tk*  iwamoB  of  friction  la  rvplaced  by  an 
readlon^an     advantage     of 


The  aaBMrsl  armngetDeot  o(  the  electrle  dy- 
■iibowCct.  stiown  In  the  aceompanying  lllus- 
I  of  a  Bpedally  constructed  d1- 
■envrstor  with  compenaatlng 
pTilai  The  iceneraior  Held  frame  cnnilate  ot 
a  lytlndrtMl  magnet  yoke  to  the  Inuer  side  of 
vUcfa  the  pole*  are  bullail.  varh  pole  supporl- 
las  m  Said  colL  Bracket!  which  contain  the 
k««rtBgB  are  bolted  lo  the  end'  n(  thn  yoke,  th» 
troBl  tmfkfft  carrying  (ho  rocker  arm.  Special 
feaaa*  M«  eaal  oa  Ika  end  brachetx  for  receiv- 


ing ball  bearlnKs  which  support  the  entire  gen- 
erator In  such  a  manner  aa  to  permit  the  Held 
frame  lo  oscillate  conc«nirlc  with  the  arma- 
ture. 

The  movement  ot  the  Held  frame  la  limited 
by  means  of  a  stud  un  tbe  outside  of  the  yoke 
which  projects  through  a  slot  In  a  forglog  ae- 
cured  to  the  side  of  tbe  supporting  frame.  Tbe 
Itngih  ot  the  slot  therefore  determlnea  the  arc 
throngh  which  the  Held  frame  can  move. 

Two  arms,  one  aliprt  and  the  other  longer, 
extind  burliontally  from  opposite  sldea  of  tbe 
Oeld  frame  to  which  they  are  rigidly  secnred. 
Th«  short  arm  carries  at  lt«  outer  «nd  a  metal 
box  to  receive  tbe  neceasary  amount  ut  lead  lo 


counter-balance  the  field  frame  on  lU  bnD 
bearings.  The  long  arm  Is  provided  nt  lU 
ouler  end  with  a  hanger  similar  to  tbftl  on  ma 
ordinary  platform  acale,  on  whkb  alettad 
welKhts  may  be  placed. 

The  engine  to  be  teated  la  set  in  poalttoo 
and  boiled  to  the  supporting  frame  la  allae- 
meat  with  the  dynamometer.  The  two  ^tafla 
are  then  connected  together  with  a  flaiJble 
coupling  and  tbe  engine  staned. 

The  torque  exerted  by  the  armature  la 
transmitted  to  the  Oeld  and  tend*  lo  rotate  tbe 
field  frame  in  the  same  direction  aa  Itaal  la 
which  the  armature  la  tumlac  Br  pl«da« 
weights  on  the  hanger  attached  to  the  long 
arm  previously  mentioned,  tbe  torque  la  read- 
ily .measured. 

Tbe  boree-power  developed  by  the  eagliw 
may   Ibca  be  foand   by    atlns  (be   (ollowlac 
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I till,     til  il'l-  r'lniKilM  W        thtt  welKbt  in 

I Mil*  'III  llin  liniiK'T.  Ii       tli'i  dlHtannn  In  fMt 

n I)iu  rniilBr  lit  lliii  itrinntiirii  Ui  tin;  w«lgbt, 

iiiiit  (t  -  (lin  MpiMiil  (if  Hill  iTiiKliin  III  revolution! 
Iiuf  ml II III*, 

W  ^  'i  \i  /  ■i.ii\a  A  H 
III' 

II  will  l"i  iiiitml  III  Ihlii  rintiiiilii  Ihiil  llio  only 

INflnliliM    Willi    II    Hlvnti    ily iiiitirliir    iiro    the 

wxliilil    W    iiiiil    iliK   1.1 1    H.      ir  II  riirvu   be 

iltiiHii  III  II  litliiiliilUni  iiiiiiIk  HliDwliiK  the 
tiitiBK  |uin«i  >1iiM<li>|iiii|  III  <lllTi<r«iiL  him-oiIh,  an 
orilllitiii  iii«i<tiiiiilr  run  |iii|'fiinii  IliK  toHtH  wllh- 
i>ii(  iiiiihliiu  mil  riilriiliilliiiiH.  'I'liii  volUiKo  And 
viiiii'iii  I'lixliii'Kil  l>j  iIki  ityiiiiiiiiiiiiKlur  do  not 
0l)li<i   liiiii  Mix  i-iili'iiliillimii. 

I» •>  •iiBi'i'  II  In  t><>«»ll'li>  It!  iilllUo  (ho  cur- 

tt>»l  ii>>ii»i iklixl  I<)  (Ii«  ilyiuiiiixiiiotnr  by  run* 
HM'liiiii  illiwl  III  llm  Nlioti  wlniH  uiitl  otHTntlng 
Om  il.MKtiio'KO'loi'  III  iminllol  with  tlw  Kon<^r- 
*lt>ta  ithviidx  III  Mi'tliv  lindor  tboim  mndl- 
(liiHa  iniUIU>»p  In  llii<  oiiuiiiii  HiHt^il  onn  bv  <ab- 
l*iu>il  t>>i>  Miill>  U\  n>tliii>iiii«ut  iif  Ihe  rliM'- 
■loi  \n  iht>  itfM  t<lr\'uii  »[  llid  <l!iua<ni>t»i>t«r. 

It  n  11  ii.'i  ..'iiitfiili'iii  i»  tiillipo  in  thl»  w*.v 


till 
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(ly  tbe  (lynamo  wben  driven  by  tbe  engine.  The 
loatmn  In  tbe  dynamo  ivhlch  vary  with  the  load 
must  then  be  taken  Into  considerntlon.  This 
task  Ib  a  tedious  one  and  tbe  results  are  neu- 
ally  In  doubt.  Other  methods  are  often  found 
objectionable  on  account  of  tbe  very  fine  ad- 
justments required,  limited  speed  variations, 
etc. 

Electric  dynamometerfi  are  manufactured  by 
the  Sprague  Electric  Company,  in  sizes  from 
10  to  100  horse-power,  aad  any  one  of  these 
sixes  Is  capable  of  operation  over  a  wide  range 
of  epeeda  and  loads.  A  structural  steel  Frame 
for  supporting  the  dynamometer  and  gasolene 
('UKlnes  of  various  sizes  Is  also  provided. 


FLKXIBLE  FLANGE  rXlOX. 

In  this  union,  practically  all  of  the  difflcul- 
(loa  found  with  tbe  ordinary  flange  are  ellmln- 
utod.  and  the  dlfltculties  of  erecting  piping 
wllh  rtang^d  joints  are  almost  entirely  re- 
nuvvoil, 

A»  shown  by  the  illustration,  these  unions  are 
iiiailo  of  the  hli;h«st  grade  of  materials,  and 
OAoh  rnd  <it  them  has  a  brass  seat  screwed  in. 


dlmiitvit^I    In    a 
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UFTUKO  HAGKETa. 

AJUioitsli  ttw  UwB  coveralnE  eiwctro-iaDK- 
■eto  b***  be«D  vell-koown  [or  youni,  the  nian- 
■iMctor*  of  lirU&g  masDoU  lor  comaieriilal 
wrpoM*  la  bUJI  mi  lalani  lodustry.  The  atim- 
b«r  of  comoivrcUl  ouiKDBii  actually  In  use  In 
thw  I'Bliad  StaiM  today  Is  relatively  snull. 
t>Uai  Inia  conalderatlon  the  Imnieaafl  nuiu- 
Mr  ot  plaata  In  tlila  country  wblcb  could 
tnaat«blr  employ  llfUni  maKiiota  for  bandllns 
TUloiw  (orma  ol  raw  metala  and  Oalahed  parta 
•Blertiis  Into  tbe  product*  of  tbeir  luauulai- 
tar*.  Tbli  condition  la  doubUesa  In  largo  part 
do*  to  tlie  tact  (Imt  tbe  advaniagea  ot  lining 
Buisn«ta  are  not  generally  reallieil,  lor  It  la 
*«rtki'  ot  Doie  that  no  concern  tbal  hfta  given 
tbe  UtUng  magnet  a  tatr  trial  tuu  returned  lo 
tb«  old  melbod  ot  bandllng  Iron  and  steel. 

VitercTcr  plg-lron.  m«Ul  plaiea,  tub«s.  rail  a, 
beam  I .  acnp  or  ba«Tr  casting  ot  Iron  or  steel 
are  hnadled.  lifting  maguela  can  be  advan* 
taceooaly  employed.  Tbe  saving  In  time  alone 
m  adjusting  bolstlng  tackle  to  tbe  ob)«ct  to  be 
rmlacd  la  ut  Iteclt  uniMi  HuIBcleut  to  Juatlty  the 
iBsulUtlon  ol  a  llfUag  magnet,  while  In  tbe 
tMtm  ot  plS-lfon,  plntea,  rails  and  scrap  tbe 
pvMlteat  advmiiUtgea  at  lifting  masuets  are 
•on  iMr*  obvloiu  owing  to  the  Inrii^  number 
at  ^lecM  tbat  ran  be  handled  ot  n  HlngU-  lilt 
*Mi  to  tbm  fact  tbat  tbe  objecta  bo  bandied 
AMd  aat  be  piled  betornhuud.  All  tbat  In  nec- 
mmmrj  la  work  ot  tbls  son  la  to  lower  tbe 
t  Into  tbe  ob)«cU  to  be  handled,  switch 
t  tk«  eurent — and  lift.  A  further  advantage 
I  Is  found  In  the  fact  tbat 
I  toe  bot  to  b«  touched  with  tlie  llugers, 
il  aa  ettslly  oa  cold  metal. 
I  tanna  of  material  require  rarloua 
Tbe  conatructlon  ot  mag- 
.  tor  taandUng  plaiea.  or  material  of  a  slm- 
r  Uttwe.  affording  opportunity  lo  secure  an 
;  contact  la  a  comparatively 
aimyla  problem.  In  encta  cnaes  tbe  principal 
^tn  ot  tbe  dealgnar  will  be  to  provide  meuis 
tor  eecnrely  anchoring  and  properly  Inaulatlng 
tta  nacaeUilng  coll.  Calculatlona  aa  to  tbe 
UftlBC  fxpacltj  ot  such  a  magnet  can  be  made 
wUb  oooalAermble  accuracy,  aa  tbe  total  Bux 
a  essUr   flcnred. 

lUgaeu  for  handling  bUleu,  rails,  etc,  laid 
la  pUee  are.  aa  a  rale,  operated  In  pairs.  Such 
I   assally  comen  In   lO-tL   lencthg  and 
.  coBTvnlanUy    handled    by    two   nwf- 
I  about  la  or  30  tL  apart  on  a  bal- 
wblcb  the  crane  hook  U  attactasd. 
I   for    handling   pig-lron.   scrap,   etc., 
t  tha  creataat  dllBenltlas  la  daalgn.  Such 


niagnetx  are  uxpected  to  handle  a  wld«  range 
at  material,  varying  In  form.  In  magnetic  per- 
meublllty,  and  otten  uncouuterad  In  Irregular 
piles;  hence  tbe  reluctance  of  tbe  negnetlc 
circuit,  and  consequenity  the  total  flux  will 
vary  with  each  lilt.  This  makoe  accurate  cal* 
cuiatlon  of  total  Oui  almost  ImpoaalblC  bad 
experience  absolutely  eaaentlal  to  the  produc- 
llOD  ot  a  thoroughly  good  magnet. 

By  a  "good  magnet"  la  meant  one  which  will 
lift,  In  proportion  to  lU  own  weight,  the  graftt- 
eet  posaible  amount  of  material.  Tbe  weight 
of  the  magnet  Itaelf  must  be  conaldered  aa 
dead  weight,  and  tbe  aim  ot  ihe  manufactunr, 


tberefare>.  Is  to  conttruct  a  magtMt  tbat  aball 
combine  tbe  minimum  ot  weight  with  the 
maximum  ot  lifting  capacity. 

Tbe  engineers  of  the  Cntler-Hammer  Clutch 
Co.,  of  Milwaukee,  who  tor  more  tban  bait  a 
score  ot  years  have  devotod  thcimielvw  to  prob- 
lema  Involving  eloctrtc  and  magnotle  eoBtrol. 
have  after  sevenU  year*  ol  esperlnoat  par- 
fevted  a  llfUag  magnet  wbkh.  It  la  clalned. 
marka  a  dUUnct  step  In  advance  In  tUi  la- 
duatry.  The  magnet  recently  placad  on  tb* 
market  by  tbia  company  emtiodlea  new  faa- 
turee  not  poeaeaaed  by  any  other  lifting  amf 
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not,  »nd  iiudor  roinpotltive  tcstH  has  developed  coupling  and  the  gasket  used.     The  gankei  is 

a    lifting   capacity    considerably    in    excess    of  of  a  rubber  composition,  which  is  not  affectcl 

any  nia^not  now  on  the  market.  by  oil  or  gasoline,  and  is  held  in  the  female 

In  tho  design  of  the  Cutler-ilammcr  magnet  half  of   the  coupling   by   a   flange  around   tlie 

Ww  magnotic  attraction  of  tho  inner  pole  has  larger  end,   fitting  into  a   recess.      Upon  con- 

bi'on  purposely  made  stronger  than  that  of  the  necting  the  coupling,  the  tapering  end  of  the 

outer  polo.    Tho  practical  effect  of  this  concen-  gasket  enters  the  conical  opening  in  the  male 

t  rat  ion  of  iho  magnetic  llux  on  tho  inner  pole  part  and  fits  closely  therein.     When    pressure 

is   thai    in   handling   iron   pigs  or  similar   ma-  comes  on  the  coupling,  this  tapered  end  of  the 

torial   iho  various  pioios  constituting  the  load  ^^^                               _ 

aro  rolo.isod  by  tho  outor  pole  first,  when  the  ^^^^Bf^^^    ^^^k   ^fi^^^^^^^ 

off,  and                       towards  ^^^Hl^l^H  ^^B  (TWl^^^^ 

tho  com  or  of  tho  magnet    by   the  suporior  at-  ^^^^P^^^^  ^^^  ^UmJ^ 

traction   of  tho  iunor  polo,   thus  enabling   the  ^J^ir                       ^TX^ 

operator    to   deposit    tho   load    within    an    area  DALLETT  HOSE  COUPLING, 

soarcol)    oxiooding   in    radius   tho  diamotor   of  ^.^^.^^.j    j^   expanded   against   ihe    walls   of   the 

tho  nia>:not  itsolf.  coniral   opening,   making  a  tight   joint,   which 

Kxor>     prospoi'Uvo    purchaser     of    a     lifiing  j^^,    pressure     of    air    or     steam    only     makes 

niapnot  wishes  to  know  in  advance  iho  amount  tighter.      As  soon  as  the  pressure  is   relieved. 

of  cuvrcni    tho    magnet    roQuiros.   so   us   to   in-  ^^^^  ^^^^^^  jg  ^^^^^  ^^^^^^  ^^^    ^^  matter  how 

tdiig^MUiy    caUulato    tho    saving   that    may    be  ,^^g    .^    coupling    mav    remain    connected,    the 

nasonably  oxiHvtod  in  handling  material  wiih  ^.^^j.^.^    ^.j,.    ^^^   ^^^^^^^   ^^   ^^^  ^^^^^^j    ^^^    ,j^ 

this   labor-sa\ing  doviixv  ^^^^^   j^  taking  the  coupling  apart.      The  gas- 

Iho   follow tng  data   obtained   during  a   test  j^^^j    ^^^    ^^^    j^jj    ^^^     ^^^   ^^   j^^^    ^.^^^   ^^^ 

g  of  a  3i-in.  Outlor-Hammor  magnet  at  tho  plant  coupling    is    disconnected,    and    a    new    gasket 

of    tho    Yor.ng>to^n     *Ohio^     Shot^t     \>     Tule  ^^„   ^^^^  inserted    in  a   few   seconds  when  nee- 

^   Works  throws  light  on  this  iHiint:  oss.'iry.     The  coupling  is  made  of  hard  bronze 

^   Total  weight  of  pig-iron  unloaded  comiH>sition.      !i    has    no    projecting    parts   to 

fr.>m    su>o:    gondola ^'^^'^1^;'    :^'*-  oauh    when    the   hose    is   trailing    along   the 

Weight    of  average   -ift :^J-    .bs.  jj^^oiind.      This   useful   device   is   manufactured 

Nr.mVr  of  tril^s  n>quirtM  to  empty                   ^  ^^^  ..^^  .pj.^^    „    i^^w^xx  Co..  Philadelphia. 

gor.do'a     '» Ss*  

Oir.rtrit  or.  magnet 1  hr.  15  m;n. 

C.r  r  .:    off   mapnot :  0   min.  NKW   KK.%TniES  IX   H1GH-$PEE1>   EXGIXE 

To;ri;  ::;v.o  <\^r.sume*i i:  hr*,  o  n'.lr..  l»XSTRVCTIOX. 

OviVrrr.;   ix^qiriTxsl .  .  .  .  :'•■  an-.poro>  si   -C»'  ^o:;^  T^o   foa:;;res   worthy   of   mention    have   re- 

Vror.i  ;ho  foivgolnp  ftg'.in"^  the  *N>st  of  oiv?r-  wr.:".>  been  adopted  by  iheHaxrisburg  Foundry 

Ai.or.   •.^  oss;:>    fig-.irt-sV  assuming   oos^^   of  ov.r-  A:  yiaiMr.e  Co..  of  Harrisburg.  I*a..  in  the  con- 

ror.i    lo   N*    .^   vts    ivr  vriOwat^-V.o-.y.   ^Moh   is  s:7".v";'.rr.  of  :he:r  :ine  of  high-speed  engines. 

r..;:.y.  :r.  o\,'0^>  of  *-os:  of  .v.rror.;   .r.  ".i-.tc  ^vr.i-  Or.c  of  these  is  a  system  of  automatic  lubri- 

r.-r:'t:ri.   p'sr:s  rAV.or.     .r.   «hich  &  r»ure  mineral  oil  Is  poured 

vy . :: ^    s r. . •(''i'^ -. V s  s :    C  C  •    > o . ". s  *N^r I'os '^or. **. s  : o  ' r. ; o  \ ^ «:    t  r. c : r. e  f ra me  so  that   the  outside  of 

a    -,v^«  ■    t»^r.>,.r..v;:*T:    o:    r  ^    ■     \».'i::s.    ^V.lo^  \\\<    y:u\X   »v.sk   comes  m  contact  with   the  oil. 

» t>   .v;;.:.:v.'.   S>     ";   V.           -.vr.       VV.>  «::^os  a  v>  >.v:.  :,?  :>.t    engine  start*,  the  disk  throws 

;,:.'-.     -.vw,-       ,vr:  >.'..-.  .^r.     ." :    ^  '^ .      V.*-^^.'!:;-  »' .                :h;s   reservoir  hack  nz»on  the  suides 

I,-  ;;^     xx"  :,^                  ■  :*•     IV      k^^    '         c  ^rv    r.  :  "  ..   .  v.^*  t  ^.^..   Tic     :.  and  also  into  a  trough 

;.    :                       .      ,  vv              :.    .V     'v           .o>  .     .:'.■   .■.,-:.s>  i^i    iss^ido  of  ihe  oil  hood  which 

,-.■    .       i  ■                                                            -      '  I  >     '    -   *    i'.".       Vtk^tl.  \\.\<  trough  a  short  tube 

;*.  ■  .^  .    -.1,   .   •                   X-   .           .     -  .      ■  »■■*    I    >    *  :■   *"■-.  ;.*  &  poin:  over  ihe  main  bear- 

:  *.   :.    u^  \>    :;   :":,-ws  ii.  a  constant  stream  al- 
V  ;.'  *  X  !s  r  'f  :r-  :he  engineer. 

\   NO\  »  I     lli^v!    i\M  ]M  1\<.  p..^Ti.   :Tf   ^»rf»r:r.c    the  oij  works  inward  to- 

-   .^-  :-   '^^-^  ^1,7/;  \\i  i•:u^\  .iisk  iisd  finds  its  way  Into  an 

.-.                 1     .:•-»■'.     .•    .ver^v^me  i^.-w-rTrs'  gr^rvf   it  ;he  face  of  tlie  disk  next 

'  =v    :.srne:>,  JMiV-  ro  f>*  Iv-arlTig.  ^J   wtic^  groove  it  is  thrown 

,.                                  '                  0-.   a  w-hl>«..    7«i  ^r«xm«?£  ;tl^^7;:r^  ftii  ofl  |i&s6«ce  to  a  hole  in 

.-.<... ^      v.    i-sivos  of  a  '^MOi  ■'iNiir  «f  t^  «nAlE34a.    Fttua  this  lioUow 
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tk*  oil  U  thrawa  througb  a  piuuKc  m  ib« 
umnkpin  b««r)iic  Kiid  works  oiil  rrom  thU  hack 
to  thm  oil  r«aertolr.  It  win  t>e  seen  ibut  this 
la  ■  oavtiirnRBl  otl-iiumplng  xyiilpm  without 
ral*M  or  pump  p«>Bai;(«  ta  b«<'Oiu«  clogg<Ml. 

n«  Mnind  t«Btur*  In  ibn  BOlld  cnsc  crank- 
rtB.  wblcb  li  (bowD  Id  Pig.  2.  The  pin  and 
«r«Bk  diak  ara  cast  together  from  a  L-ombtn«d 
Maot  and  Iron  aud  arv  lurnifd  ou  the  Hume 
fuo  vlala.  tlitia  making  reruiln  thnt  the  pin 
la  aqvaro  with  the  disk  and  avoiding  any  |>oa- 
aibUUj  at  brvakasc.  Tba  ends  are  finlabed 
vltk  flUeta  erf  large  radluB  bo  that  there  are  do 
o^aaro  eoreer*  to  b«<.-ome  suurcea  of  weakoaM. 
Atao,  wlUi  ikl*  stjle  of  conalrurtinn  It  la  poe- 
•IMo  to  me  a  targer  pin  than  when  the  ptn  la 
I— rtod.  ao  that  tb«  wearing  curfare  !■  In- 
(Tvoaod  and  the  presaure  per  Btiuaru  Inch 
craotlr  dlmlolatied.  Caating  tho  pin  hollow 
raoolla  IB  llsbtBeM.  fltreDgih  aDd  a  certalut)-  at 
(Wodpw  froiB  detoct  ■■  well  ai  glvlag  an  oil 


with  unneceuarlly  hnavr.  fnRib4>rMiiD»  a&d 
■low  brdraulic  lacka.  Out  In  order  lo  ade- 
quately meet  ilie  i^ondlllona  now  tmpoaed  a 
new  form  of  hydraulic  Jack  haa  lataljr  been 
Invented  and  la  belnc  made  tiy  Richard 
Dudgeon,  Brnani<-  and  Columbia  itreeta.  Now 
York.  Tbla  new  type  of  hydraulic  iaok  la 
known  aa  tbe  ['nlrerval.  becauae  of  Ita  advan- 


a  WtVKBSAX.  HYDIUUI.H'  JACK. 

•  orlstnal  bydrmullc  jack  wan  Invented  by 
Dudneou  III  1 S 1 9,  auil  patented  by 
kin  la  l>tl.  and  alnne  that  ilmn  the  modlflcii- 
UOB*  and  Inproremenia  which  have  b«en  made 
an  BBlBlr  Ut  (Ive  melhrHl  of  lowering  the  Jack 
or  adaptlsg  It  to  meet  iiierlal  condltlona. 

Tb*  demaiMl  for  targe  Jacks  In  the  last  de- 
lude of  three  ur  four  tlmra  the  former  power 
waa  mi't  by  Inrreaalng  the  alie  ot  the  ordinary 
typeo  of  Jarka,  wlihnul  attempting  tn  attain 
a  botior  nniull  through  departure  from  ibe 
rwcn«vl>Bd  atandarda  I'aeni  ot  lack*  have 
IHTwfore   been   obll|ted   to  oonteol   ihemaelTea 


THE  UtDOEDN   I-OIIIII.K-II. XI'   tNIVEKSAl. 
HVURAIUC  JACK. 

tagea,  and  to  diallngutsta  It  from  other  trpaa. 

The  L'ntveraal  lack  ta  light,  eaally  I 
operatod  and  controlled. 

This   Jack    la   Intended    to   wlthatand    roach 
uaaga.and  baa  but  few  part*  to  get  ooi  of  onlor. 


,mh 
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It  Imn  (lotililp  piiiripH.  no  that  If  the  load  is  light, 
or  ir  th0  rfiiii  friiiRt  \w  oxtondod  Home  distance 
licfori*  Mm  fitrnln  (TomtiionceH,  the  two  pumps 
run  bo  iimv]  toKothor  until  the  Htrain  becomes 
pxcpfmlvp.  whon  nno  pump  is  thrown  out  by  a 
(urn  or  thn  hnndlr.  UovorHing  the  operation 
ihrnwd  both  pumpi*  into  Horvico  again.  The 
Jnok  rnn  hp  nporiitod  oithor  vertically  or  hori- 
vnntnlly.  luul  with  tho  lover  working  at  any 
nunlp. 

Iiowrrlng  onn  l»o  dnno  olthor  by  the  lever  or 
by  thn  vnlvo  bnndlr.  and  tbo  Jack  can  be  fur- 
uli«b<«d  to  lowor  by  olthor  mot  hod  alone.  If 
tbo  liirk  Id  doHliiMl  tt»  lowor  by  tbo  lover  only, 
H  Rpoolnl  mm  hIvIuk  Iohh  throw  Ih  furniHhcd; 
tr  tt  Ift  doMlrod  to  bnvor  It  by  tbo  vnlvo  handle 
oulv,  tbo  loworluK  pin  In  romovod.  Hut  one 
pn^(i>«un«  \nlvo  for  both  punt  plug  and  lowortng 
iv  i>(»^ulivd. 

.Vn  tmportaut  foaturo  of  tbln  Jack  i»  that  the 
\Mt\o  bnudto  Al\va>(i  sbowg  tbo  position  of  the 
\iilxo««.  It  oftu  turn  only  in  a  haU-olrolo  In 
^»Hbov  «vb^!iluiE  Mio  auxtUary  pump  or  K>wor- 
twft.  AwA  tbo  opovatov  alwa>!(  knows  wbotbor 
*^wo  pump.  t\\o  pump!«,  or  tbo'  low  or  ins  dovivv 

Vh\ft.  tAoK  t«  1o\*o\>vi  b\  tbo  operator  piv*s- 
t»xft  :%**  O'o  xrtlx^Ht  0>MU  tbolr  Stoats  t»y  jho  lo^or 
ov  \A*xo  hau^^o.  a»  bo  ma>  do9i\iv.  sn\\X*  a»l  t^o 
\  :^  r  \  \N«  :» ^ V  ^N* tt\  ?^^ u\sl  I u  a  st  u K ' o  \  a  h  o  0 *\  a  :v*  * v r 
•  :•  ,-ft  * •  •  ;n* ',  ^  5 V  »,s* *>st  is VI i;  u* « .  -^  V, »i  a  *  *  a  *.  V  f  V* ; \V\1 
o^  ■hV,*'^  !«>\i'. s  wNWV".!r^M-  ^^o  ■;^; ;'.;>•.  lv*.r.|:  a*,- 
\«  ^  V  ?     ;  »*     *  i'  >^    a  *'>* '. \  r, ,«.     ;  ^  ^   \  a  t  \ v*    fr,* r»',     t  >»^ 
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The  operation  of  the  Jack  may  be  clearly 
understood  from  the  illustration,  which  shows 
a  double  pump  jack.  With  both  pumps  in  ac- 
tion a  Jack  of  30  tons  maximum  capacity  will 
lift  a  load  of  15  tons  at  the  rate  of  one  inch 
in  every  six  strokes.  With  only  the  lower 
pump  working  30  tons  may  be  raised  one  inch 
with  twelve  strokes.  The  pumps  are  controlled 
by  a  valve  handle  that  may  also  be  used  for 
lowering  the  Jack,  although  the  Jack  may  be 
lowered  in  the  usual  way  by  the  operating  lever 
when  reversed  in  its  socket.  When  the  yalTS 
handle  is  in  the  position  shown  in  the  engniT- 
ing  the  cam  at  the  end  of  its  shaft  allows  the 
push  tube  to  be  held  up  by  the  coiled  spring  at 
its  lower  end,  so  that  all  the  valves  are  free  to 
seat.  The  single  pump  action  is  obtained  when 
the  valve  handle  is  turned  down  to  a  vertical 
position,  which  movement  revolves  the  cam 
sufficiently  to  unseat  the  upper  valve,  so  that 
the  upper  piston  ceases  to  work,  the  liquid  dis- 
placed by  it  simply  surging  back  and  forth 
through  the  open  suction  valve.  With  this 
condition  only  the  two  lower  valves  are 
used.  Che  middle  one  being  the  suction 
valve  for  the  lower  piston.  Turning  the 
\alvc  handle  to  the  opposite  horizontal 
Pi\sl;ion  unseats  all  of  the  valves,  allowing  the 
ra:u  to  descend  by  its  own  weight.  To  lower 
the  :aok  by  means  of  the  operating  lever  the 
arr.:  is  >ier messed  until  a  pin  projecting  from 
:ho  !o«<>r  stie  of  the  piston  head  encounters 
:^o  :.^p  o!  :^e  rush  tube,  when  it  performs  the 
$j^:v.o  ^^iv  JLS  the  cam  on  the  valve  handle 
*>.*?:  T5:-s  tJTe  of  jack  therefore  comprises 
:^o  Ai^&::;jLpe^  v""?  th-e  single  and  double  pump 
.'As-Vs.  s:t..v  :;  certains  the  Iifdng  advantages 
o:    ;«.'   v^-^tr.p»  with  tbe  simple  lowering  ar- 
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I>K\ICV    >\>K    C&XAXIXG    VATEB    MADiS. 

'.">  <"    . « .'   -.  '  vrscr&rjrizff  griva  herewUi  ahow 

A  .V^  sv.  -«1.:M  l.as  l««-x  HiiHwiifii'Hjr  used  for 

<  \->«r  ;^£    ><  :z»r?«-c  f^crfaw  oC  aa  S-Ib.  caat- 

«»v*    7:,ik.z.     a)oxt    $^4?if    ft.    loss,   in 

'  :>  --.nr  ^  »  )»sss  hNO.  ^  n»  for  over  14 
«^^«  >.  V- ,  .V  :^s  ^ifis.:  U;^£  ^  t^as  period  the 
■■-.-.vv.  V  s;.d:>a<^  ^&s  2«Mft  gm£nal^  growing 
>."»v.-    ^^vr  .V  ■  1  .^r-r.i.^&rsnL  a2»£  ;±<  foraation 

I    i*>&'?(».   .>V  •'if*  «r(-    jtKCiatt  of  &«B  400  to 

«v.^'  ,1 .  ^11  tC  'dw  ^)iie  asd  ftned 

^•i-^    «i?vx  -i     ^    ow*ajiKsima.  at  libowm.       A 

"^^.^V^u     «4tt.  ;^iiiK  i&Hnc4  cKTTisg  a  flex- 


-oo-imrviL-  KMrRciNO  fbou  section,  bring- 

IJIO     WITH     IT     A     rtBXIBLK     WIRE    CABLE 
POR     riTLUNO    CIXANBR    THROUGH     PII'E 

Imm  tba  "Go-Devil"  tbrouKti  tbu  Mctlon.  A 
%-Ib.  win  cabia  wm  then  roanected  to  the 
wlr»  drawn  Ihroofta  by  the  ■'Go-DevH"  &iid 
Vnll*^  bAck  tbroufh  the  pipe  by  me&iia  of  a 
aMSll  wlarh.  Thla  whb  futeueil  lo  ihe  cleaii- 
«r.  whlcli  «a*  then  drasged  through  the  pipe 
br  diettit*  o(  a  lour-mau  wluch,  breaking  the 
•c»l«    mad    tntMiicles    vtt,    the    now    of    water 


Til*  Internal  diameter  ot  Iha 
■riy*  was  onlarKed  H  In.  br  the  cleanlnt.  and 
Ik*  Sow  ot  water  laorMwd  ISlii. 
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TIIADE  CAT.ILOGUEM  AND  PAHPHLXTS. 


ACETYLENE    SAFETY    STORAGE    SYSTEM. 

— The     Commercial     Aculylone     Co..     HO 

Broadway,    New    York.      Threo    folder*. 

each  9%    X  10  Int.;   pp.   4;   llluatrated. 

Two  of  these  foldera  are  Bupplemenla  lo  the 

raialoKue   ot   the   company,   one   deallnc   with 

Ihe   method    u»ed   for   converttng   the   Plntaeb 

lamp,  and  the   other  glvlag  dlreutlons  for  a^ 

piling   locomotive  headlight  equipment*.    The 

third  toldvr  givea  half-tone  reproductloiu  of 

pboiagrapbfl    showing    wreck*    of    car*,    etc., 

which  Bhow  that  the  aafelr  device*  emplored 

are  succensful  In  preventing  ezploalona  which 

woiilil   ordlnarll}'   be  expected    to   reault. 

CONCRETE  MIXER.— Koehrlng  Machine  Co., 

Mllwniikee,   Wis.      Paper:    «   '    >^    In*.: 

pp.   8;   llluBtrated. 

Descrlbea   the   Koehrlng   mUer,   whirh   Is  of 

the  ('omblnatlon  drum  and  trouEh  type.     The 

sand   and   cement   are  flrat   mixed   dry   In   the 

drum,  and  the  water  and  atone  are  added   In 

the  trough,  In  which  run*  a  shatt  Dttad  with 

pad  d  lea, 

ECONOMICAL      MACHINERY       I^OR      TUB 
CUAL   MINE.— logeraoll-Rand    Company, 
1 1     Broadway.    New    York.    Form    68A. 
Paper:   3^   >  GH   lo*-;   PP-  !*i    IS  fOu*- 
t  rations. 
This  neat  and  handy  leaflet  glrn  much  In- 
formation    concerning    the    vartoua    machlaaa 
for   u*e  In   coal    mining,   which   are   mannfae- 
tured  by  this  company.     Ten  entirely  distinct 
llnea  ot  apparatus  are  shown,  which  ara  qotts 
up  lo  date  and  are  claimed  to  yield  tba  hlsh- 
est  eRlclcncy  In  their  respective  claaaaa. 
ELECTRIC      CRANE      CONTROLLERS.— Thi 
Cutler-Hammer      Mtg.      Co,,      UUwankea, 
Wis.     Paper;   3%   k  S  Ins.:  pp.  31;   lllnt- 
t rated. 
This   booklet   sets    forth   Ihe   principal   faa- 
turea   which  are   peculiar  to  the   Culler-Ham- 
mcr  apparatu*. 

ELECTRIC   MOTORS.— Sprame   Bleotrlc   Co., 
New  York.     BuUollna  No*.  lOS.  31).  ISO 
and   231.      Paper:    ti   k   lOH   Ins.;   pp.   8, 
T<,  20  and  8  reep.;   Illnsirated. 
No.  lOK  describes  an  electric  dmamomfltar 
balli  by  thla  company  for  the  pnrpoea  of  IM^ 
Ing    gasoline    engine*,    and    also    au  I  table   for 
meaaurlog    the    power    from    any    mechanical 
BOnrce,     It  differs  from  the  well-known  Proay 
brake  In  that  the  reaction  of  friction  Is  re- 
placed by  an  electromagnetic  reaction,    Theaa 
dynamometer*     are     manufactured     In     slsaa 
ranging  from   10  up  to  100  HP. 

No.  !t9  Is  a  handsomely  gotten-up  pamph- 
let, profuaely  Uliutrated  with  half-loan  i 
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liitf  tiin  nutiinrotiH  iippUcutlonH  of  the  Sprague 
cllnM'l-iMirront.  iiioU)r  oquipmcnts  to  printing 
iiinrlilnory  iiikI  nlllod  upparatufl. 

N(i.  2:tO  1h  u  roprint  of  an  article  which  ap- 
ptmrod  In  Uw  "ICIoctrlnil  World,"  describing 
llio  iipplinHion  of  tho  conipuny'H  products  to 
flirt ury  work  In  ono  of  the  most  perfectly 
oijulppoil   inachino   shops   In  the  country. 

No.  2:11  (lonls  with  dlroot-current  motor 
(MiulpnutnlH  for  uso  In  ronnoction  with  single 
nnti  (UMiblt*  miiKiixlno  Morgonthaler  linotype 
ninrhlntw. 

KMCrrUOKYSlS  !M<KVKNTION.  -  -  H.  W. 
JohUM  Manvlllo  To..  Now  York.  K-page 
foldor.  :Uj,   \  r,  V4    Ins.;    illustrated. 

T\\\h  rlrrulur  dosorlhos  asbostos   paper   cov- 

t^i'tUK     Uvatod     with     watorprooflng    material. 

whU'h    Is   nuiuufacturod   for   uso   in   protecting 

pIpOH  ai&nlutil  olootrolysis.     The  paiH^r  is   >4   to 

^  \\\    thlok   and   Is  suppllod  in   U-ft.  sections. 

8poolAl  *U»i»vos   jiiv   provided   for  sleeve  coup- 

tiuiiv, 

KAll.WXY  SION.\l.  KKUAY.  The  Union 
SvUoh  A  StKttal  Co..  Swlssvale.  Pa.  Pa- 
iw.  «>  \  St  ins  ;   pp.  I:  lUusCrated. 

rhi*  (oldor  supplomeuts  cho  1S>02  catalogue 

ot  <ho  \vi«\vn\\.  Aud  descrllH^s  the  No.  7-0  r^ 

U>    9(U\^<«r««H)tuii  the  No.  4  0.  the  1>IH»  X  and 
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STEAM  ENGINES. — ^Wisconsin  Engine  Co., 
Corliss,  Wis.  Paper;  10  x  6%  ins.:  pp. 
57;   illustrated. 

This  catalogue  illustrates  and  describes  the 
company's  high-duty  Corliss  engines  (simple, 
cross-compound  and  tandem-compound)  for 
operating  electric  generators,  rolling-mills, 
air-compressors  and  other  heavy  machinery. 
The  special  features  are  described  and  illus- 
trated separately.  Tables  of  sizes  and  dimen- 
sions are  given. 

TOBIN  BRONZE. — The  Ansonia  Brass  &  Cop- 
per Co.,  99  John  St.,  New  York  City. 
Paper;  4x7  ins.;  pp.  34;  illustrated. 

This  booklet  contains  results  of  tests  for 
corrosion  resistance,  crushing,  torsional,  ten- 
sile and  transverse  strengths.  Weights  and 
directions  for  manipulation,  are  also  included. 

TURBINE  PUMPS. — Tacony  Iron  Co.,  Land 
Title  Bldg..  Philadelphia,  Pa.  Catalogue 
3.     Paper;  6x9  ins.;  pp.  32;  illustrated. 

The  advantages  of  turbine  pumps  are  set 
forth  in  general  in  this  catalogue,  with  di- 
rections for  Installation  and  operation.  Num- 
erous forms  of  turbine  pumps  as  made  by  this 
firm  are  briefly  described  and  curves  of  per- 
formance are  given. 

WKl-DIXG  BY  THE  THERMIT  PROCESS.— 
Goldsohmidt  Thermit  Co.,  90  West  St., 
Nev  York.  Two  pamphlets.  Paper;  6 
\  :^  ins.:  pp.  12  and  24  resp.;  illustrated. 

The  smar.er  of  these  pamphlets  Is  devoted 
:o  AH  exp'asaiion  of  the  methods  used  in 
^u;:-we!di&$  wrought  iron  and  steel  pipes  and 
rvvi$  >y  zie^ns  of  the  Thermit  process.  The 
:Ar?wr  i\*r=.?!i'.e:  has  been  prepared  for  the 
Vurpv-ts^  oi  fur:iishiss  specific  directions  cov- 
^r^r.jc  :>.*  vArtous  applications  of  Thermit  for 
»v*^:r^.    repjkirls^    c&5Cin^.    etc.      Numerous 

..*:r*r.or-*  Are  clvea.  including  burning  a 
rc^  :*-»  .'ii  k  iiwivy  shear,  repairing  motor 
-jr..:*  Ari  'vxvz;-,-:;^*  cylinders,  and  welding 
>v.\i'T.  .l-v.l«  ^z.^irts  ir>  the  field. 
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IN 
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Tbto  Index  la  liit«Dded  to  cover  the  field  of 
tackaleal  lluralare  Id  a  iD&Dner  that  will 
■ak*  U  tit  tha  Brea(««t  use  to  the  greatest 
awnb*r — that  la.  K  will  endeavor  to  llat  all  the 
artlclM  and  coDimeDt  of  tectinica]  value  mp- 
vmrnrint  In  cnrrcst  perlodicalB.  ita  arrange- 
■MBt  bas  b««B  made  with  the  view  to  Ita 
adapublUtj  tor  a  card-Index,  wblcb  englD«ers, 
•r^ltocta  and  other  technical  men  are  grad- 
aallr  eemtnc  to  con«ld«r  a»  an  Indlapenuble 
■dJviKt  oC  tlwlr  oAcM. 

Baeb  Itam  kI***: 

1.  Tltla  and  author. 

I.   Naaw  and  date  of  pnbltcatlon. 

I.   Ab  attlmaie  of  lensth  of  article. 

t.  A  abort  doacrlptive  iiot«  regardlns  the 
acopa  of  the  article — where  conaldared  necea- 
mrr- 

i.  Pries  at  which  wa  can  iupplr  current  ar- 
Uclca. 

Tbo  Pabllahera  do  not  carry  copies  of  any 
•C  tbow  artldoa  In  stock,  but,  it  desired,  will 
■  of  th*  periodical  containing  the 


article  at  the  prices  raeatlonod.  An;  promlam 
naked  tor  out-of-date  coplee  must  be  added  to 
this  price. 

Tbe  principal  Journals  In  the  vnrloua  fields 
ot  tecbnical  work  are  shown  in  the  accompanj'- 
Ing  list,  and  easily  understood  abbrovlatlona 
of  these  names  are  uaed  In  the  Index. 

The  Editor  cordially  invites  crltldams  and 
suggeetloQE  whereby  Ihe  value  and  usetulnosa 
ot  the  Index  can  be  eitooded. 

Rendera  of  "Tecbulcal  Lltoraturii"  wbo  d» 
aire  extrn  copies  ot  this  Index  In  order  to  hava 
all  pages  available  tor  the  clipping  of  Itema 
tor  card-Index  purposes,  can  obtain  them  at 
the  toUowlog  rates: 
To  Subscribers: 

One  extra  copy  ot  Index,  one  year. . .  .10.75 

Two  extra  copies  of  Index,  one  yoar. .  1.00 
To  No Q -Subscribers: 

One  copy  ot   Index,  one  year 1. 00 

Two  copies  of   Index,  one   year l.Bt 

Single   coplee   of   current   Issua   ol    IndOx,    10 
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JOURNALS,   PROCEEDINGS  AND   TRANSACnONS  OF  AMERICAN 
TEICHNICAL  SOCEnES 


Joaraat  Am.   Fouadrymon's  Assn. 
Joaraal  A«oc  BnglnovrHig  Societies. 
Jo«raal   Kati-  Sac.  of   Western   Pa. 
Joaraal   rraaklln   Institute, 
larsal  W«at.   Society  ot  Knglneera. 
■    I.  Boc   C.  E. 


Proceedings  New  Tork  R.  R.  Clyb. 
Proceedings  PaclBc  Coaat   Ry.  Clab. 
Pmcvedlngs  St.   Louis  Hy.   Clnb. 
proceedings  U.   S.   Naval  Instltuto. 
Transactions  Am.   Inst.   Bleclrical  BogtiiMrt. 
Transactions  Am.  I&at.  Mlalns  T 
Transactions  Atn.  Soc.  H«ebaiilMl  1 
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Amwrican  Boildert  Review 

A  JnurtiHl  DvvoUd  to  the  Architects.  Contractors,  Bn- 
■Inters  and  nullders  of  the  Pacific  Coast 

IS.00  per  annum   In   the  U.   8.— Other  Countries,  $6.00. 

Stnflo  coploB.  00  cents. 

IMS  Bteveniion  St..  SAN  FRANCISCO,  CAIj. 


Tkt  Ctaadian  MobiciimJ  Jonrntl 

Official  Or«an  of  th<»  Pomlnton  and  Provincial  Unions  of 

Munlctpallttost. 

Reacbeti  the  officer*  of  RVRRY  municipality  In  Canada. 

Monthly,  one  dollar  per  year:  ten  cents  per  copy. 

Room  21^.   Alliance  Dulldinf, 

MONTRKAL.  CANADA. 


CfUMntwJ  Air 


Monthly,  dert^te^l  to  the  theory  and  practice  of  com* 
M««eie«!  air.  pneumatic  tool*,  air  comnreeeor  dealim,  air 
lift  immplnit.  tunneltnit.  r\Kk  excavation,  etc, 

MK*    per  copy,  $l.Ok>  per  year. 
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The     Proporlioninfi        i      ??.«*!. 
Bridge  Members.     U«^nv^    ,s.   r.^' 
\>w«    -Sept.    10.  07.      1   dia.iiii   i-. 
2 Or.      From   a  impor  publisbiMi   \i\ 
re^^dinCP  nf  the  Kupluoors"   So,  ;pt^    .^     Wv^-: 
•TH    T'liM       .Ttilv.    1!>07. 
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Klecirically-Operated  Swing  Bridge  at 
1>n1^b»rff-Ruhrort  Harbor.  Messrs.  Ottman 
ljoT>en.  7/eit  d  Bmn — Sept,  7.  07.  9  flgs. 
20fiO  m-.  4<V.  DfiscriptiTe.  with  details  of 
befirin^  and  rollers. 

■ReTiemal  of  Cbtcajco  Rirer  Drawbridge  of 
ibf  ObioApo    Xorrh western.     Ry  A^e-— Sept 

f..  r:.    t  tifwi.    ii-^o  w.    5^, 

V>'e  ^JribstrnrttiT*  <rf  tl»  Dearborn  Street 
■p^'tdtvv    ObioAcro.      S&g   Re»c — Siept    14,   07. 

■  fii*s      r.r/tr»  w.      ifkft.     Desmibes  foanda- 

■  *r.i»s    for  a   rolli-n^-lifr  ^asrsile  brid|B»  OTcr 

r^r  »>!<rapo  "River. 

lJffobe<  TlrlVlpe. 

*r}^r  i'^oif.roif  nf  libe  i^D€-:iiK-  Broa^pe..  Prank 

'"'•f  lv7^4*r*oT.  of  rlie  Srioiib  'CUiarti>««f'B»r  Arm 
>h.    Qiwhn:    Briflpfv      ©up  Sfctip — ScgiL   if. 

r,,.  !i-«n.|f,|,5,^T   ntibliubf^d  frtifi  blur  TfiteHmMs 
^f.  rhi  many  tirrlHet:  on  Tto  stA^Must 
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TECHNICAL  LITERATURE 


The  Fall  of  the  Quebec  Bridge.  Eng 
News — Sept.  12,  07.  5  figs.  4000  w.  20c. 
Gives  data  on  the  defective  bridge  chord, 
loadings,  strain  diagrams  of  anchor  arms, 
etc. 

The  Fall  of  the  Quebec  Cantilever  Bridge. 
Eng  News — Sept.  5,  07.  20  figs.  10,000  w. 
20c.  Exhaustive  description  of  the  col- 
lapse of  this  bridge,  written  after  inspection 
of  the  wreckage. 

The  Greatest  Engineering  Dis^ter.  Eng 
News — Sept.  5,  07.  3700  w.  20c.  Edito- 
rial survey  of  the  possible  causes  of  the 
Quebec  Bridge  collapse,  and  deductions  from 
an  inspection  of  the  wreck. 

The  Quebec  Bridge.  Engr — Sept.  6,  07. 
17  figs.  5600  w.  20c.  Describes  features 
of  construction. 

The  Quebec  Bridge.  Frank  W.  Skinner. 
Engg — Sept.  13,  07.  7  figs.  7600  w.  40c. 
First  installment  of  an  extended  description 
of  the  design  and  construction  of  this  im- 
portant work. 

The  Quebec  Bridge.  Frank  W.  Skinner. 
Engg — Sept.  20.  07.  72  figs.  5400  w.  40c. 
Details  of  members  and  connections. 

The  Quebec  Bridge  Disaster.  Engg — 
Sept.  6.  07.  4  figs.  3900  w.  40c.  A  de- 
scriptive article,  including  a  hypothesis  of 
the  cause  of  the  wreck. 

The  Quebec  Bridge  Failure:  Our  Deficient 
Knowledge  of  the  Strength  of  Large  Col- 
umns. Eng  News — Sept.  12,  07.  1  fig. 
4000  w.  20c.  Editorial  discussion  of  the 
subject. 

The  Suspended  Falsework  of  the  Canti- 
lever Arms  of  the  Quebec  Bridge.  Eng  Rec 
— Sept.  21,  07.     8  figs.     3000  w.     20c. 

Reinforced  Concrete  Bridges. 

Methods  and  Costs  of  Constructing  Con- 
crete Highway  Bridges  by  Day  Labor  in 
Green  County,  Iowa.  Engg-Contr — Sept.  4. 
07.  200  w.  20c.  From  a  paper  read  at 
the  Iowa  Cement  Users'  Convention  by 
Henry  Haag  and  D.  E.  Donovan. 

New  Bridge  of  Reinforced  Concrete — Wa- 
bash Railroad.  Ry  Age — Sept.  6,  07.  5 
figs.  1200  w.  20c.  Describes  a  bridge 
crossing  the  Sangamon  River,  3.6  miles 
east  of  Decatura  111. 

The  New  Stanford  Bridge,  Worcester- 
shire. Engg— Aug.  2  3,  07.  9  figs.  1600  w. 
40c.  Describes  the  largest  reinforced  con- 
crete bridge  in  England. 

Strengthening  Old  Bridge. 

Strengthening  an  Old  Lattice-Girder 
Bridge.  George  J.  Davis,  Jr.  Eng  Rec— 
Sept.  28,  07.  11  figs.  2100  w.  20c.  De- 
scribes methods  employed  on  an  S-spau, 
white  pine  sextuple  Warren  truss  bridge,  at 
Grand  Rapids,  Mich. 

Suspension  Bridge. 

Link  Suspension  Foot-Brldgo  over  the 
Aare  Berne,  Switzerland.  K.  Ackerman. 
Schw  Ban— Aug.  31,  07.  7  figs.  700  w. 
40c. 


Viaducts. 

Double  Tracking  a  Steel  Viaduct  with  a 
Concrete  Arch  Structure.  A.  D.  Williams, 
Jr.  Cone  Engg — Sept.  1,  07.  7  figs.  1800 
w.     20c. 

Reinforced  Concrete  Viaduct-Richmond  & 
Chesapeake  Bay  Railway.  Ry  Age — Sept. 
27,  07.  9  figs.  2200  w.  20c.  Describes 
an  example  of  rein  forced-concrete  construc- 
tion substantially  different  from  the  usual 
type. 

Sixth  Street  Viaduct,  Kansas  City,  Mo. 
Ry  Engg  &  Maint-of-Way — Sept.,  07.  7  figs. 
2500  w.     20c. 

The  Erection  of  Las  Vacas  Viaduct.  Eng 
Rec — Sept.  14,  07.  3  figs.  2200  w.  20c. 
Describes  methods  used  on  a  743-ft.  track 
viaduct  on  the  Guatemala  Ry. 

The  New  Steel  Viaduct  Between  Kansas 
City,  Mo.,  and  Kansas  City,  Kan.  Eng 
News — Sept.  26,  07.  17  figs.  7400  w.  20c. 
Describes  an  important  and  recently  com- 
pleted steel  structure  8,400  ft.  long. 

EARTHWORK*  ROCK  EXCAVATION.  ETC. 

Breaking  Boulders. 

The  Cost  of  Breaking  Boulders  by  Means 
of  a  Derrick  and  a  Drop  Hammer.  Engg- 
Contr — Sept.  11^  07.     1100  w.     20c. 

Dumping  Wagon,  Strength  of. 

Strength  Tests  of  a  Contractor's  Dumping 
Wagon.  Eng  News — Sept.  19,  07.  3  figs. 
2100  w.     20c.. 

Excavating. 

A  Stripping  Excavator  with  a  Conveyor  to 
Form  the  Waste  Bank.  Eng  News — Sept. 
12,  07.     1  fig.     1600  w.     20c. 

Machinery  and  Methods  for  the  Excava- 
tion of  Sky-Scraper  Foundations.  T.  Ken- 
uard  Thomson.  Eng  Mag — Oct.,  07.  23 
figs.      7000  w.      40c. 

Four  Examples  of  the  Cost  of  Excavating 
Earth  with  the  Wheeled  Scraper.  Engg- 
Contr — Sept,   25,  07.      1100  w.      20c. 

The  Cost  of  Excavating  Earth  with 
Wheeled  Scrapers.  Engg-Contr — Sept.  4, 
07.     1000  w.     20c. 

Overhaul. 

The  Calculation  of  Overhaul.  Can  Cem 
&  Cone  Rev — Sept.,  07.     1  dia.     700  w.  20c. 

The  Calculation  of  Overhaul.  Can  Engr — 
Sept.  6,  07.  2  figs.  2000  w.  20c.  Gives 
diagrams  and  tables  for  use  in  railroad  con- 
struction work. 

Hock  Drill,  Improved. 

A  New  Departure  in  Rock  Drills.  Engr — 
Aug.  30,  07.  5  figs.  1100  w.  40c.  De- 
scribes a  detachable  bit  for  use  in  drills,  the 
object  of  which  is  to  save  time  otherwise 
lost  by  trips  to  repair  shops. 

••Swilling**  of  Hock. 

The  "Swelling"  of  Rock  Upon  Excavation. 
Engg-Contr — Sept.    25,    07.      1000    w.      20c. 
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TECHNICAL  LITERATURE 


ENOINKERING   CONSTRUCTION. 

Buildings. 

A  Combined  Underpinning  and  Sheeting 
Job.  Eng  Rec — Sept.  7,  07.  Iflg.  2000 
w.  20c..  Describes  work  of  this  nature  on 
a  new  six-story  steel  cage  bank  building 
at  Murray  St.  and  Broadway,  New  York. 

■ 

A  Reinforced  Concrete  Boot  Factory,  Lei- 
cester, England.  Cone  &  Constr  Engg — 
Sept.,  07.     15  figs.     700  w.     40c. 

A  Reinforced  Concrete  Cathedral  in  Ma- 
nila. Cone  &  Constr  Engg — Sept.,  07.  10 
figs.     1100  w.     40c. 

A  Reinforced  Concrete  Church.  A.  M. 
Ferry.  Cone  Engg — Sept.  1,  07.  9  figs. 
1800  w.  20c.  I>escrlbe8  a  very  successful 
application  of  reinforced  concrete  construc- 
tion made  in  the  Unity  Church,  Oak  Park, 

ni. 

Concrete  Shops  and  Car  Houses  at  Nash- 
ville. St  Ry  Jl — Sept.  14,  07.  8  figs.  2500 
w.      20c. 

Moving  the  Old  Montauk  Theater, 
Brooklyn.  Eng  News — Sept.  5,  07.  IIOU 
w.       20c. 

The  Erection  of.  the  612-Ft.  Singer  Build- 
ing. Sc  Am — Sept.  7,  07.  3  figs.  2200  w. 
20c. 

The  McNulty  Building.  New  York.  Eng 
Rec — Sept.  14,  07.  2  figs.  1400  w.  20c. 
I>e8cribes  a  new  10-story  and  basement  re- 
inforced concrete  building. 

Underpinning  Adjacent  to  the  Silver- 
smiths' Building.  New  York.  Eng  Rec — 
Sept.  2S.  07.  3100  w.  20c.  Describes 
methods  used  in  shoring  and  transferring 
loads  to  new  footings,  etc. 

Calcultttloa  of  Fnuueworiu, 

The  Calculation  of  Rigid  Frameworks.  O. 
Lemptrecht.  Betou  u  Eisen — Sept..  07.  4 
figs.     2000  w.     |1. 

Chimney. 

Fall  of  a  150-Ft.  Kelufoi-ced  Ttle  and 
Concrete  Chlmuey  at  l.a  (.'rosso.  Wis.  Eug 
Newsr— Sept.  5.  07.     7  tlss.     2S00  w.     20c. 


Completion  ot  the  i'lvvss  Kivor  l>aui.  Cro- 
tou  Waier-NVork*  S>sieiu.  Kuv;  Uoo  Sopc. 
14.  07.      4   tljis.      3KH»   w.      L'Oc. 

The  Sau  Koquo  LKtm.  Aiiiouiiuo  Uov»ut»iic. 
H.  Malteru.  iieii  d  tvau  Aim.  ^'l.  ^*'-  ^ 
tigs.     1000  w.      lOv'. 

The  Sire&ses  iu   Ma.-.oiuN    Paius.      Klti;^ 
Sept    lo.  OT.      -U»0  N^.      U».-.      l>i>vasso.>  itve- 
ories  receuily  Ad^aiivva  b>    k'lvi.   Kail   IVai- 
sou  aud  other  \M*iioi>. 

linreproolLiiK-  ,    .   . 

WaPs  ""\ltivd  Stoiu'.  Lu>»  Kii-;-;  s^^'i»i  .  0.. 
3000  w  "  iOo.  LMsvu>jiv^s  Uio  .mm  wiu  vai»ac- 
itv  of  brick  walls,  ihvii"  .stiauo«.s  or  libilUv 
to  stand  ui»ristii  uud  ivsist  N^iud  i>ressur^ 
aud  vibration  aud  the  tliv  vo^Ulauvo  of  brick 
walls  of  certain  thlckuwuw*. 


Terra  Cotta  Fireprooflng.  A.  S.  Atkin- 
son. Ins  Engg — Sept.,  07.  5  figs.  3800  w. 
40c. 

Floating  Derrick. 

60-Ton  Floating  Derrick,  Suez  Canal.  Ch. 
Dantin.  G^nie  Civil — Aug.  31,  07.  18  figs. 
2500   w.      60c. 

Lighthouse. 

The   Fastnet   Rock   Lighthouse.      Engr — 
Sept.  13,  07.     15  figs.     3900  w.      40c.    Gives  . 
details  of  the  methods  employed  in  erection. 

Reinforced-Concrete  Constmction. 

Analytical  and  Graphical  Methods  for  Use 
on  Reinforced-Concrete  Beam  Sections.  R. 
Pokormy.  Zeit  Oest  Ing  U  Arch — Sept.  6, 
07.     8  figs.     5000  w.     60c. 

Continuity  in  Reinforced  Beams  and 
Slabs.      Eng   Rec — Sept.    28,    07.      1300  w. 

aoe. 

Faults  of  Reinforced  Concrete  Design  and 
Construction.  H.  F.  Porter.  Cone  Engg— 
Sept.  1.  07.     3100  w.     20c. 

Load  Tests  of  a  Reinforced-Concrete  Con- 
duit. Schw  Bau — Sept.  7.  07.  5  figs.  lOuu 
w.     60c. 


Ernest      McCul- 
2  figs.     5700  w. 


Reinforced     Concrete. 
lough-Cem  Era — Sept.,  07. 
20c^ 

Tests  of  Concrete  and  Reinforced-Con- 
crete Columns.  Prof.  Arthur  N.  Talbot. 
Cone  Engg — Sept.  1,  07.  9  figs.  2400  w. 
20c. 

The  Danger  of  Using  Rusty  Iron  in  Rein- 
forced Concrete.  Am  Arch — Sept,  14,  07. 
oOO  w.     60c. 

The  Historical  Evolution  of  Reinforced 
Concrete  in  Austria.  Dr.  Ludwig  Hess — 
Cone  &  Constr  Engg — Sept.,  07.  7  figs. 
3500  w.     40c. 

The  Logical  Use  of  Reinforced  Concrete 

In    Building     Construction.       A.  Jordahl. 

Cone  Engg — Sept.   1,  07.     2  figs.  2800  w. 
2  Oc.     Concluded. 

The  Mushroom  System  of  Relnforced-Con- 
vi-^Le  Building  Construction.  A.  S.  Malcolm- 
*v>ii.  Eagg-Contr — Sept.  4,  07.  4  figs.  2800 
vfc.  ::kK\  The  essential  feature  of  this  new 
coii^c ruction  U  the  formation  of  a  so-called 
!*tu*hrv>cui  at  the  top  of  each  column,  by  ex- 
c^iidiir^  i:s  r^iu forcing  rods,  laterally,  some 
tour  uvt  or  luore  out  into  the  slab  in  a  ra- 
vi'.H  div^vtiou  and  supporting  on  these,  ring 
'.  ovis.  Hbicl"*.  !:i  f.:ru.  carry  the  lighter  rein- 
•.o:\vv.:-.'ui  :or  the  slab  construction. 

Kv»*.»i^.  iir-ai»hiv  Stativr*  of. 

b;.vo:s.  K>  Kuir  -Sept..  07.  6  figs.  2200 
w       ijo.      1::-- Graphic  Statics. 


Steel  Work.  Oeauin^  aod 

^  \\iu;u,;  Stv>el  Work  by  Sand  Blast  and 
l*aiuuug  Dv  Compressed  Air.  De  Witt  C. 
\\o^L>.      Ki's  New55 — Sept.   18,  07.      1300  w. 

30c. 
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Books  for  Draftsmen 


1 


Universal  Dictionary  of 
Mechanical  Drawing 


By  fiEO.  H.  FOLLOWS.  C.E.  Clolh,  8  «  11 
to*.,  flO  pkfp*,  -U  llluBtratiunt.  luoatly  fnlt- 
pa^F  plmtet.    tl.OO  ntH. 

A  Text  Book  on  Plain  Lettering 

Hj  IIKNKY  S.JACdhli.I'rofeMor  of  Bridge 
Kofinw-rini!.  Comrll  rnivpiwity.  Cloth,  ob- 
litiif,  liur  iiu>,.  :vi  UliiKiratloni  in  Ihc  Wxi, 
81'  ii»Ki-«  ("xcluwv.-  o(  pialirel.     $3.00, 

Linear  Drawing  and  Lettering 
for  Beginners 

By  J.  ('.  L.  TISU,  AmopUu-  I'mlpMor  nf 
Ctril  Knuinecrinic,  Inland  Sitinlonl,  Jr., 
rniTvrat*.  OloUi.  (SJi  x  liiji  ina..  llS  pnRt-g, 
wllh  4  fall-pi^  roldiiiK  plUea  ol  illiutrB- 
linn*.    $1.00. 

A  "Blutk  Book  (or  Lettering,"  lo  bf  DMd  in 
ruDiwrtiuD  trilh  thr  above  work,  ia  lupplied 
[iir  'A  rrnU.  It  contain*  X>  IiagM  of  toclion 
p«pn  (US  x  I(>K  iiu).  logethcr  with  a  plat« 
•)(  ■lamlani  alphabeU. 

Shop  Hints  Tor  Structural 
Draftsmen 

By  JOHN  C.  MOSt:S,  M.  Am.  Soc.  V.  E. 
tlo.  e  of  "  En)[in««-rin|;  Nviri  Rpprinta," 
Paper.  «){  a7  in*..  40  pagM,  T  ijlnatrBtiuM. 
aad  l«D  taldini  platM,  giving  drtail*  of  a 
plilr  utrrfatr  bridge  ilcaJK"^  for  ecoDomical 
Maim lactniw ,  loirtber  wi th  the  erection  plan 


Tecfinic  of  Meclianical  Drafting 

ByCHAS.  W.  REl.NHARDT.  Chief  Dralta- 
man,  EnpnecriniE  Nrwa.  Cloth,  oblonit, 
8x11  ina.,  42  pagM  (rxclnaivp  of  plntn),  00 
text   UhiBirBtioti*   and    11    full-pa^e   plat««. 

Lettering  for  Draftsmen. 
Engineers  and  Students 

ItyCUAS.  \V.  UIOlNlIAIIiir,  Chii-I  Iirnfla- 
man,  Enginoerioft  New*.  Clotb.  oblong, 
8  X  11  iua,,  S4  pagM  (Mduatve  of  pla[««>, 
."W  Hgiinv  In  ihf  ipxt.    II  ,00. 


r  C<iai*l«l«  L 


I  or  ■ 


',   RcpdDla. 


The  Preparation  of  Drawings 
and  Oilier  Illustrations  for 
Photo-  Reproduction 

By  I'lIAS.  W.  KKIMIAKUT.  Chief  Dtalt*- 
man,  Knginpt-ring  Newa.  No.  4  of  "Engi- 
neering Netra  Keprinta."  Paper,  4){  sT  Ina., 
3I>  page*,  II  illuilration*.    2A  crnta. 

Draftsman  and  Draftsman's 
Helper 

Il«ing  Part  1..  Vol.  3.  of  "  Manoal  of  Ex- 
■minaljona  tor  Kngin«cring  PociUoiu  in  Ibe 
■Service  of  llie  City  of  New  York,"  by  Myron 
H.  Lrwiii  and  Milton  Kempner.  Pa|i«T, 
S  s  HS  ln«,,  74  pages  (with  interlea^-ing  of 
blank  pugea  lor  notea,  etc.),  50  itiui 
»l.Clll. 


Fril  ietaits  tf  ity  irf  ttacse  boDki  »d  other  publictliMs  bI  ttic  Eatifwemi  Mews  wi     be 

seel  on  request :    also  information  reoanlino  iny  books  of  a  tedmicil 

or  Bcieisl  nature  puhtished  by  other  houses. 

ENGINEERING  NEWS  BOOK  DEPT.,  220  Broadway,  New  York 
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TECHNICAL  LITERATURE 


Ntruc'tuml  Ht«^*l  lU*uiip^,  IJterMture  of. 

Litoriituru  of  Hlriicrtural  Steel  Defligning. 
llariy  Uwlnnur.  Am  Mach — Sept.  12,  07. 
NOU  w.     20c. 

Tuiiii<*U. 

A  Mcithod  of  Tunnollng  High  Railroad 
KtiilmiikitioiifH  for  CiUvertH.  Eng  Rec — 
Sfpl.  7«  07.     :)  flgH.     ICOO  w.     20c. 

roiirroU)  Work  in  GunnlHon  Tunnel.  H. 
A.  Ilowo.  Mln  Wld— 8«pt.  7,  07.  1200  w. 
20i\ 

C'ouHtrurtlon  of  tho  Second  Slmplon  Tun- 

m\.     Srhw  Huu Sept.  7.  07.     4  flgs.     2500 

w.      4  0i\ 

(\mtH  and  Methods  of  Construction  of 
Tuuuol  for  Water  IMpes  under  Mystic  River, 
HoHtou.  MasH.  Caleb  Mills  SavlUe — Eng 
NowH     Sept.  2U,  07.      1   flg.     COOO  w.     20c. 

SulmiiuoouH  Tunnel  at  Detroit.  Ry  & 
Loco  Kngg  Sept..  07.  4  flgs.  2300  w. 
20h,  IX^Morlbes  Mich.  Central  twin-tube  tun- 
nol  at  l)otrolt. 

The  C.  P.  K.  Tunnel  near  Palliser.  B.  C. 
Uy  ^  Mar  Wld-  Sept.,  07.  4  flgs.  4600  w. 
400. 

The  Present  Condition  of  the  Battery 
Tunnel  Under  the  Kast  River  (New  York). 
KuK  News     Sept,  l»,  07.     2000  w.     20c. 

»he  St»lby  HIU  Tunnel  of  the  Twin  City 
Kapid  'l>ansit  Coiuimny.  Kl  Ky  Rev — Sept. 
JS,  07,     5>  ttgs,      ISOO  w.     200. 

The  Selby  lUll  Street  Railway  Tunnel.  St. 
Paul,  Minn.  Kuk  KtH^  Sept.  21.07.  6  flgs. 
:mUH>   w,     20o,  , 

ruder^nniud  WorkiuK^  Iw  New  York  City. 
H.  T.  VUlda^e.  Kug  Mag-  Oot..  07.  17 
t\ss.      SOOO  w.      4iV. 

A  I'V^.  Steel  Piiv  Uue  at  St.  Louis.  Kng 
K»x^  Sept  :.  07.  I  tig.  H>00  w.  30o. 
IVHv'vilv*  a  pl|H*  flow  Uue  IJ*.^S4  ft.  long. 
uo\^   tviuit  adde\l  to  the  ouv  4upp!y  sv^^tem. 

Method  ot  iVusHruotius  a  Hlsh- Pressure 
Conoivie  Puv  Waier  Mdiii  at  S^fcAu^se*.  Kug- 
Uiul        Kii»;»;-vVuvi-     Sei»t.     tS.    07.       i    flgs. 

\lo5>.oUs  AluS  s.\N*t  oi'  vV«sniuv.v.s  A  Ke:u- 
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Irrigation  and  Drainage  Problem  in  Stan- 
islaus Co.^  Cal.  C.  S.  Abbott.  Cal  Jl  Tech- 
nology— Aug.,  07.     2  figs.      180   w.      20c. 

Methods  and  Cost  of  Lining  an  Irrigation 
Canal  with  Cobble  Stones  and  Plaster.  Engg- 
Contr — Sept.  11,  07.     800  w.     20c. 

MATERIALS. 

Cement  and  Concreteu 

Cast  Stone.  W.  P.  Butler.  Cem  Era — 
Sept.,  07.     1500  w.     20c.     Concluded. 

Effect  of  Steam  Curing  on  the  Crushing 
Strength  of  Concrete.  Eng  News — Sept.  «, 
07.  2  figs.  4300  w.  20c.  Gives  results  of 
a  series  of  tests  recently  conducted  at  the 
Lewis  Institute,  Chicago. 

Electricity  for  Cement  Plants.  L.  B.  Por- 
ter. Eng  Rec — Sept.  21,  07.  4  figs.  2500 
w.  20c.  Prf^er  read  before  the  Association 
of  American  Portland  Cement  Manufactur- 
ers. 

Essential  Features  of  Concrete  Blocks. 
Fred.  W.  Hagloch.  Cem  Era — Sept.,  07.  1 
fig.     1000  w.     20c. 

Experiments  on  the  Strength  of  Slag 
Concrete.  G.  Kauffman.  Beton  u  Eisen — 
Sept.   7,  07.     2  figs.     2500  w.     |1. 

Mortar  and  Concrete  Mixtures.  William 
Challoncr.  Engr — Sept.  6,  07.  2  figs.  5000 
w.  40c.  Considers  the  subject  of  lime  and 
cement  mortars  upon  a  scientific  and  prac- 
tical basis,  with  the  assistance  gained  by  a 
close  examination  of  the  methods  that  have 
secured  the  permanency'  of  the  mortar  found 
in  ancient  structures. 

Notes  on  the  Le  Chatelier  Test.  W.  L. 
Gadd.  Engr — Sept.  13,  07.  3800  w.  40c. 
Discusses  this  test  for  the  constancy  of  vol- 
ume of  Portland  Cement. 

Some  Avoidable  Causes  of  Variation  in 
Cement  Testing.  Ernest  B.  M'Cready.  Con- 
vrvte — Sept.  14.  07.  2200  w.  20c.  Read 
before  the  Am.  Soc.  for  Testing  Materials. 

The  Di;siiicegration  of  Portland  Cement 
Mor:.ir.  E.  Mjiynard.  Cem  Age — Sept..  07. 
♦>•;■.'  >»      20v\     P-Aper  presented  to  the  Brus- 

sw;*  0oU:^re6». 

V*!'^  l.aws  o?  Proportioning  Concrete. 
v*>^:  >;*i!^  V  Vir^h  Cone  lb  Const r  Engg — 
S**^»t  ,'"  I  dia.  >000  w.  40c.  A  sum- 
"tr'*    or   :*i:>   >*'ori    of    Messrs.     Fuller     ft 

'.■  :*  ,*■-■'  -.-aiv :•    w  * : !!  com laents. 
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•/",'    ■:Vrvvt'^>i:'.y   of  Coco  pete  and  Meth- 

V*  i.^-vroodz^.      Richard  H.   Gaines. 

^   .    \:'*s      c^^-jc.    :!•>.    OT.      450'.>     w.        20c. 

->    V.'    v-s^  "IS  of  A2  i2T«stlga.cion  now  be- 

v'.'    .'11   ?>    :i-<»  New  York  Board  of 
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■^Ov  i>V>.: 


^  :  A  :o:i  ii-i  Cottirol  of  Cement 
V  >.  Liir^ie^.  Cone  Engg — 
•  .'  .'  .'    w       i'Jc 

•    -«.• :     _--*V5fix    :?taadani   Specifica- 
.1 !  i   x.Vaieac     Cone  ft  Constr 

l}*hl     w         4i)c. 
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HIGGINS' 


CMAHuiNa  aoAno  Han 


Ire  the  Rnest  ui  Best  Boods  of  Their  Kuiil 


(  Emanclpaie  younall  from  itu  um 
nl  corioviv*  anil  i1l-*inelliii|[  icka  asd 
■dhesivei  and  adopt  ilic  Hinli>> 
Inka  and  Adlwalvta.  'rii>T  "iU 
lio  n  rrvdUiion  lo  you,  ih«ir  am  «a 
■wed,  tiean  anJ  well  pal  up.  Par 
bame,  oOice  ot  *chcx>l  lUe  ibcf  arc 
iiiuxcalln]. 


AT    DEAl.mw   I.KNKRALLV 

CHAS.  M.  HIGGINS  &  CO.,  Manufacturers 

IriKto:  Oicjii.  Uirfiiii  271  mmli  SIntl.  IROOKLTII.  ■.  T. 


(Dur    New    Model 

Marriiif  Compullnc  Machine  will 
probaMy  be  ready  fur  delivery  about 
January  IM.  The  delay  has  been 
caused  by  tba  dtstiovery  that  an  Im- 
portant Improvement  could  be  made. 
//  wHI  now  be  tbaoSulely  the  beat 
rnddlmg  machine  of  /n  cfaaa  on  the 
mmrkmt.     Write  ua. 

CLIPPER    MFG.    COMPANY 

403  West   ii4lh   Street.   NEW   YORK 


ENGINE.ERING 
INSTRUMENTS. 


The  "Buff" 
has  no  rtal  competiloTS  for  va»\\ti  ir 
accuricy.  The  price  ii  no  more  IhHi 
that  o(  several  atbers. 


L  G.  RUEHLE  &  CO. 

ll»  Fullsn  SU  NEW  YORK 

Mumfictnrvn  and  Importrn 


iflcanEctr  ua  iiKiMEn-  tuFnu) 

DRAWING  MATERIALS 


TECHNICAL  LITERATURE  •hould  >lway.  I»  on  lh«  library  l.bU  o(  «veo 

■i>im««r       It  U  •  cwutanl  current  refermc*  to  all  article*  of  Importance  la  Ike  engineer- 
•■(   a»d  l*clia*c«l  jiMimal*  and  proceedings  iif  Eagtaeeriof  Socielie*  of  l^r  worU. 


3^M 


TECHNICAL  LITERATURE 


Tlip  ToBttnfC  of  Clay  and  Concrete  Pipes. 
Mun  KnRK-  Oct.,  07.  2600  w.  40c.  An 
nbHtrnot  of  parts  of  a  report  of  Burchartz 
unit  Htork.  of  the  royal  building  material 
(oBtluK  (l<M^»rtinont  in  GrosB-Lichterfelde. 

In»ii. 

Tho  CorroHion  of  Iron:  Rusting.  Eng 
NowH  Sopt.  20.  07.  nOOO  w.  20c.  Dis- 
o\iHBOH  the  various  thoorics  of  corrosion,  in- 
rludiuK  tho  oh^ctrolytic  theory  recently  ad- 
vniuvd. 

IVMltiK  linlHirntory,  W  H.  Governniciit. 

Tho  KquipnuMit  and  Work  of  the  U.  S. 
Uovoruiuont  Conoroto  Testing  Laboratory  at 
SI,  1<ouiH.  Mo.  Kir  hard  Tj.  Humphrey.  Engg- 
Contr     Sopt.  25.  07.     2  flgs.     1700  w.     20c. 

Tlu»  Struoturnl  Materials  Testing  Labora- 
tories at  St.  Louis.  Hichard  L.  Humphrey. 
Tone  Knjij:  Sept.  ITi.  07.  i\  fl>;s.  2i>00  w. 
*J0o. 

Timber. 

The  Advance  of  Kuealyptus  in  California, 
ral  .11  TivhuoU^gy      Aug..  0  7.     ,1200  w.     20c. 

The  Sirenitth  of  Wood  as  Influenced  by 
Moisture.  H«rry  P.  Ttemrtuu,  Road  master 
&  K       Sept..  0  7.      \  tigs.     :%S00  w.     20o. 

TimlH*r  Vorestntlon  In  Onllfornia.  H.  A. 
OrAft*.  Am  Oarp  *  Hidr  Sept..  07.  2  ftgs. 
2000  tr.  4  0o.  IVsoribes  the  work  being 
dv>ne  in  that  state  to  rx^^louish  the  fast  dis- 
appearing fvMVStS 

lUVKKS.   l\\N.\K*<    IIAKm>RS. 

Southern  Apjv^laoh'.an  Streams.  Charles 
K  Waddell.  Jl  of  f^anVUn  Inst  S^^pt..  07. 
^  tU"'!^      10.000  tr.      <^0o. 

Raryte  i'mmU*  »w  \\>rk  Sf«fe. 

The  New   York   State   l^rge  Canal.  Ind 

Majt    -Se«^t  .    o:       1,^    t^^^     -.0.000    w.  20c. 

v^:x,^s   an   e\'.«*r.dis'.    %*.os*rM^'^M\   of   ;he  <\>n- 

-■->...    -<•    ...         «k-*.V        .\**        •  ^»  i  <        .*  .t  •*  * 
>i.    ..*.,*     II       W^     ,K      »^lt       t«ii>      V.t.iAi 


Dock  Pumping  Plant. 

Pumping  Plant  for  the  New  South  Dock, 
Cardiff.  Engg — Sept.  6,  07.  4  figs.  3900 
w.     40c. 

Foreshore  Protection. 

A  New  Method  of  Foreshore  Protection  of 
Sea  Coasts.  J.  R.  R.  de  Muralt.  Beton  u 
Elsen — Sept.,  07.     10  figs.     2500  w.     1. 

River  Waves. 

Progressive  and  Stationary  Waves  in 
Rivers.  Vaughan  Cornish.  Engg — ^Aug.  23, 
07.  3  figs.  7000  w.  Sept.  16.  9  figs.  5700 
w.     Each  40c. 

Wharves. 

Reinforced  Concrete  Wharves  and  Quays. 
W.  Noble  Twelvetrees.  Cone  &  Constr  Engg 
— Sept..  07.  4  figs.  2800  w.  40c.  IH. — 
Docks  and  Quays  on  the  Clyde. 

SrR\T:YIXG  AND  MENSURATION. 

Aceuraey  in  >Iensumtion. 

On  Accuracy  in  Mensuration  and  Calcula- 
tion. Engr — Sept.  6,  07.  4500  w.  40  c. 
Discusses  the  practical  requirements  of  ac- 
curacy in  various  classes  of  work. 

Plan  i  meter. 

The  Planimeter.  Frank  J.  Gray.  Surv 
— Sept.  6.  07.  3  figs.  3300  w.  Sept.  13.  13 
figs.  4 $00  w.  Sept.  20.  22  figs.  2500  w. 
Each  40c.  A  series  of  articles  describing 
(he  various  types  of  planimeters  and  their 
use. 

Kallii^ay  Spiral  Tables. 

A  rnit  Table  for  Talbot's  Spiral.  Eng 
Kec. — S*p:.  7,  OT.  2  figs.  4S00  w.  20c. 
Cor.:pi;ed  by  G.  A.  Kyle.  Jr.,  for  the  use  of 
:Ms  0As^^n;en:  curve  on  the  Pacific  extension 
of  :^.o  C.  M.  ^  St.  P.  Railway,  west  of 
Butte. 
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5^  f.~:  T.j:   tr.   Kr.|r:i«*riiig  Bnsioessi.     Syd- 
Tf      y    v^'fc*v^T       Pn?  EiigT — ^Ang.   30,  07. 
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You  Know 

ii  Palntine,  before  the  destruction 
ke  (ore»t»  of  I^banon,  supparteil 
^alioa  oi  10,000,000  in  affliirncr? 
mx  today  scarcely  400,000  people 
pn,and.theseare  in  abject  poverty? 

ou  Know 

Ithe  %*alley  of  Babylon,  once  proud 
prosperous,  is  now  abandoned  and 
m?  That  the  sites  of  Carth^e. 
i  and  Sidon.  once  i>opulous,  fertile 
fcle&sed  with  abundance,  are  now 
ivd  by  desert  wastes? 

on  Know 

tthis condition  may  be  repeated  in 
country  ? 

OU  Know 

At  reUtioo  forests  bear  to 

Cmiion  ol  descn  wastes  ? 
Meady  flow  of  streams  ? 
OcctuTcnce  of  floods? 
4ecay  of  empires? 
prospcniy  of  the  people  ? 

nlf  jrou   do  not,   jrou 
■hould  read 


ORESTRY 

and 

RRIGATION 


Dltutrated  monthly  niacazine  pub- 
fcy  the  Americaj)  Forestry  Asso- 
L  It  is  devoted  to  the  perpctuaiion 
IBatural  resources  throuEb  inielli- 
ft,  and  isol  tninie<liate  interest  lu 
I  and  his  family. 
t  Ite.  fcr  M  Smmple  Copy 

shy  on*'  Irrigation 

f  StraeC         Waahinston.  D.  C, 


Be  Time-Wise 


Keep  Things 
Moving 

stvnp  lina.  dita,  ate., 
iDdispQtabljr  on  ordcm 
iel*fr»ms,  toiMn,  ooM. 
lime  aad  dslit-erjr  tjcliea, 
etc.,  with  the  Auiotulle 
Time  SiKinp.  Dursbla. 
No  rubber  or  aotl  male- 
nail.  Simple,  accnnlc. 
reliable.    Writs  lor  cir- 


Automatic  Time  Stamp  Co. 

164  Congress  Street  -     -    Uoslon,  Mass. 
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Ui  le  Sell  *oor  Pategt 

H7    Nail.    iMMHl    U^D    )U  JUtF*' 

<Mpfrl-ii»r  »i  a  Mcni  ■al'winan. 
mul»l   mil     hlt«M   lal*!  ■•- 


WII.HAM  f)    HOVT 


WORKS  OF 
HALBEKT     I'OWERS 

G I LLETTE 

Tile  Aiiihority  on  l?nntract  Costs 


HANDBOOK  OF  COST  DATA 


It  Bdciii,  «B1 


mCK  EXC«VATIO»    Mciliods  and  Cut 

I'L.tii   -.  ,  1  :        .    ..'I  m.  V   .->n  asurrm  ud  u- 

URTHWORK-M  its  tet 

I  I'lli. ;.  I  7>,  III.     }•»>   iiac*,  M  BfurH  utA  1^ 

ECONOMICS  OF  ROAD  CONSTRtlCTIOII 
Engineering  News  Book  Department 

aao  iroMdway,  Hew  York 
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'li;ru\K;.\L  LITERATURE 


A  Mt^fhoil  of  Ji^fUsrifiliifriK  th«'  l^^adlng 
IMiiiniitiloiiM  of  Liii'K«i  ufid  lilKh-Kpf;fid  Con- 
It  iiiiouH-rijrri'fil  J ly iiiiiiiOH.  II.  M.  liobart 
mill  A.  H.  KIIIh.  KI  UifV  Mxiiirl  )> -Sept.  13, 
4)7.  2  llKH.  1700  w.  Hftpt.  20,  07.  2000  w. 
I<]iif-li   -I  Or. 

'riiiiiti-Wlr«*  Dlrurl  (!iirront  Generators. 
It.  T.  MH'iiniiliU.  Kl  Il«.v  Sept.  28.  07. 
I!  Hhh  1000  w.  20c.  I'lipor  read  at  the 
itiiiiiiiil  Mill vi'iil Ion  of  \\u:  Canadian  Klectri- 
raj    AHMnrJiilloti,    Moiilreal,   Hept.    ll-l!i. 

HyurlirunUliiu. 

.^MM'hniiil/liiK-  I'aiil  MarClahan  and  H. 
\V.  YfiuiiK  KliM'  .1!  HiM>1..  07.  7  IIkh.  G300 
w.  :!0f.  Ih'hf  rllu'H  varlt)iiH  dtwln^H  employed 
Tnr    MiIh   purpumv 

*rriiiiiiforni«*rM. 

Aluuiriiial  I'rliiiary  (Minrni  and  StM'ondiiry 
VnltaKo  nil  riai'liiK  a  TraiiHforiiK'r  In  Circuit. 
'rr\g\o  Jnihrn  Kl  Wld  S«>pt.  11.  07.  1000 
w.      liOiv 

OulUuo  III  ilio  (MiaracterlHtlrH  of  Con- 
htaiit  roliMiltiil  TrauHforiuerM.  (SeorKe  A. 
Iliiiiiluiin  Kl  Wld  Sopl.  7.  07.  (i  IIkh. 
•JNOO   w       :'0»- 

I.UaiTIMi. 

UwAMii  \d\.nuo-.  in  Vv(il\i*ial  l.lKhtiut:: 
Vu-  i\\u\  \  ,u\iiiiu  TuIm'  KKvliiv  l.nmp>i*  Kuk 
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Sag  in  Wire  Spans. 

TeDsion  and  Sag  in  Wire  Spans.  Harold 
Pender.  El  Wld — Sept  28,  07.  2  figs. 
1900  w.  20c.  Gives  charts  for  determin- 
ing without  arithmetical  computation  the 
variation  of  the  tension  and  sag  in  copper 
wire  spans  with  the  temperature  and  re- 
sultant load  on  the  wire. 

Poljphase  Circuits,  Notation  for. 

Notation  for  Polyphase  Circuits.  Charles 
H.  Porter.  Elec  Jl — Sept.,  07.  7  figs.  3200 
w.  20c.  Describes  a  system  based  essen- 
tially on  lettering  every  junction  and  ter- 
minal on  the  diagram  of  connections,  and  on 
the  use  of  two  subscripts  with  every  symbol 
of  current  or  electro-motive  force  or  vector 
representing  them. 

Wattmeter  Switchboard. 

Switchboards  of  Wattmeters  and  Watt- 
Hour  Meters  for  Measuring  Power  and  En- 
erg>'  in  Polyphase  Circuits.  Paul  liacGahan. 
El  Wld— Sept.  14.  07.  10  figs.  3100  w. 
20c. 


HISCEUiANEOUS. 

Electrical  Agricnltnral  Installation. 

An  Electrical  Agricultural  Installation  In 
Saxony.  D.  S.  Pazton.  El  Engg — ^Aug.  29, 
07.  8  figs.  1600  w.  40c.  Describes  an 
installation  comprising  fixed  and  portable 
motors  for  use  In  every  branch  of  farming 
work. 
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Insurance  and  Inspection  of  ApiMiratns. 

Insurance  and  Inspection  of  Electrical 
Machinery.  Mech  Engr — Sept.  7,  07.  4 
figs.  5300  w.  40c  Extracts  from  report 
by  Mr.  Michael  Longridge,  to  the  British 
Boiler  Insurance  Company. 

Lightning  Conductors. 

Lightning  Conductors.  Frank  Broadbent 
El  Rev — Aug.  23,  07.     1600  w.     40c. 

Plunger  3Iagnets,  Design  of. 

The  Design  of  Plunger  Magnets.  C.  P. 
Xachod.  El  Wld.  3  figs.  1200  w.  20c. 
Gives  formulas,  curves  and  data  for  design- 
ing magnets  for  specific  work. 
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Acetylene. 

Acetylene  Illumination.  Ins  Engg — Sept.. 
07.  4  40m  w.  40c.  A  paper  submitted  to 
the  Intornational  Acetylene  Association, 
showing  acetylene's  place  among  illumi- 
nants. 

Acetylene  Lighting.  Nelson  Goodyear. 
Prog.  Age — Sept.  2,  07.  S  figs.  3000  w. 
20c.  Paper  read  before  the  Illuminating  En- 
gineering Society,  Boston.  July  31. 

Automatic  Acetylene  Generator  for  Chem- 
ical Laboratories.  Ranviolph  Boiling.  E  & 
M  Jl— Aug.  ai.  07.      1400  w.     20c. 

Alcohol  Lamp. 

Tests  of  AU'ohol  Lamps  and  Stoves.  S. 
M.  Woodward  and  B.  P.  Flemin«r.  Sc  Am 
Sup— Sept.  21.  07.  11  figs.  4000  w.  20o. 
Gives  comparisons  and  measuremouts,  opera- 
tions, power  and  tuel  consumed. 

Alkali  Manufacturt^ 

Alkali  as  a  Field  of  Industry.  Kustaco 
Carey.  Brit  Tr  ilev  Sept.  -,  07.  41^00  w. 
40o.  hnportaut  uddr^\ss  by  the  p resilient  at 
the  annual  uuvtiu*;:  of  the  Society  of  Chemi- 
cal Industry. 
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EKH'trtdytic   l>isiufevt;tiiC,   Muiiul'uetuiv  vi. 

Miiuufaclure  of  KUvi  iol>  liv  PiNtuieeiiint 
at  Poplar.  London.  \V  KUvu  Sept.  21,  07. 
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Explosives,  3Iannfactnre  of. 

Modern  Explosives.  H.  Schmerber.  G^nie 
Civil — Aug.  31.  07.  16  figs.  3000  w.  Sept. 
7.  2200  w.  Sept.  14.  2200  w.  Each  60c 
Serial  taking  up  the  theory  of  explosives 
and  methods  of  their  manufacture. 

Fixation  of  Xitrogen. 

The  Fixation  of  Nitrogen.  Norman  White- 
house.  Elect rochem  &  Met  Ind — Sept.,  07. 
2SM0  w.  40c.  A  paper  read  before  the  Lon- 
don section  of  the  Society  of  Chemical  In- 
dustry: from  the  Journal  of  the  Society, 
July   15. 

l«as  Analysis. 

Rapid  and  Accurate  Gas  Analysis.     Edwin 
Bar:ihart.      Elecirochem    &   Met   Ind — Sept., 
0  7.     0  tia:s.     2200  w.     40c. 

Automatic  Gas  Analysis.  Prog  Age — Oct. 
1,  07.  7  rigs.  1700  w.  20c.  Describes  an 
automatic  ar.'paratus  of  simple  construction 
wherewith  a  volumetric  analysis  of  a  gaseous 
mixture  ui.iy  be  made  either  quantitatively, 
qualitatively,  or  both. 
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Distant  Lighting  of  Inverted  Burners.  G. 
Kern.     Prog  Age — Oct.  1,  07.     2900  w.  20c. 

Rigid  and  Other  Joints.  Am  Gas  Lt  Jl — 
Sept.  2,  07.  7  flgs.  3700  w.  20c.  From 
the  "Gas  World." 

The  Inverted  Gas  Light.  T.  J.  Litle.  Jr. 
Prog  Age — Sept.  2,  07.  10  figs.  2300  w. 
20c.  Paper  read  before  the  Illuminating 
Engineering  Society,  Boston,  July  31. 

The  World's  Largest  Gas  Holder.  Prog 
Age — Sept.    16,   07.    17   figs.      2200   w.      De- 


scribes a   15,000,000-cu.   ft.   gas  holder  re- 
cently erected  in  Astoria,  L.  I. 

Vertical  Retorts  and  Chamber  Distillation 
in  Germany.  Prog  Age — Oct.  1,  07.  3600 
w.     20c. 

Water  Gas  (II.).  H.  Dicke.  Stahl  und 
Eisen — Aug.  21,  07.     4000  w.     60c. 

Paper,  Durability  of. 

The  Durability  of  Paper.  Paper  Making — 
Sept..  07.     700  w.     40c. 


MARINE  ENGINEERING 


Battleships.. 

The  Size  of  Battleships  as  a  Function  of 
Their  Speed.  J.  A.  Normand.  Int  Mar  Engg 
— Oct.,  07.  1  fig.  5600  w.  40c.  From 
Proceedings  of  the  United  States  Naval  In- 
stitute. 

Cleaning  Marine  Boilers. 

Cleaning  Marine  Boilers.  Lieut.  H.  C. 
Dinger,  U.  S.  N.  Int  Mar  Engg — Oct.,  07. 
5  figs.     3600  w.     40c. 

Early  Steam  Navigation. 

William  Symington  and  the  Beginnings  of 
Steam  Navigation.  Robert  Cochrane.  Case 
Mag — Oct.,  07.     9  figs.     6000  w.     40c. 

Electric  Equipment. 

The  Electrical  Installation  of  the  Royal 
Mail  Steam  Ship  "Adriatic.'*  El  Engr — 
Sept.  19,  07.     4  figs.     1100  w.     40c. 


Light  Vessels. 

Single   Screw   Steam  Light 
Mar  Engg — Oct.,  07.     10  figs. 


Vessels.    .  Int. 
1900  w.  40c. 


Marine  Turbines. 

Design  and  Arrangement  of  Marine  Tur- 
bines and  Propellers.  Ernest  N.  Janson. 
Mech  Engr — Sept.  14,  07.  4400  w.  40c. 
Paper  read  before  the  American  Society  of 
Naval   Engineers. 

Mooring-Buoy. 

Moorlng-Buoy  for  the  **Lusitanla*'  and 
*'Mauretanla."  Engg — Aug.  23,  07.  2  figs. 
500  w.     40c. 

Navigation. 

Navigation  by  Celestial  Observation. 
Stephen  P.  M.  Tasker.  Int  Mar  Engg — Oct., 
07.     7  flgs.      1000  w.      40c. 

$*crew  Propeller. 

The  Screw  Propeller  (XIV.).  A.  E.  Sea- 
ton.  Mar  Engr  &  Nav  Arch — Sept.  1,  07.  1 
fig.     3500  w.     40c. 

Train-Ferry  Steamers. 

Train-Ferry    Steamer    "Lucia   Carbo"    for 
the    Entre    Rios    Railway.      Engg — Sept.    6, 
07.     7  figs.     1000  w.     40c. 


MECHANICAL  ENGINEERING 


AIR    MACHINERY. 


Compressed  Air. 

Compressed 
of  Gases.  J. 
1900  w.     40c. 


Air   and 
H.    Hart 


the   Kinetic  Theory 
Power — Oct.,    07. 


Strength  of  Tanks. 

Strength  of  Air  Pressure  Tanks.  Ira  J. 
Owen.  Ins  Engg— Sept.,  07.  10  figs.  2900 
w.  40c.  Gives  formulae  and  specifications 
for  the  construction  of  steel  sprinkler  pres- 
sure tankfe  and  discusses  defective  design, 
poor  construction,  decay  and  mismanage- 
ment as  the  causes  of  explosion. 

FOUNDING. 

Liquid  Fuel  for  Foundry  Use. 

Liquid  Fuel  and  Its  Application  in  the 
Foundry.  G.  B.  Waterhouse.  Met  Ind — 
Sept.,  07.      4   figs.      4200  w.      20c. 

Macliine-Molded  Gear  Teeth. 

Machine-Molded  Teeth  on  Large  Cast 
Gears.      Am    Mach — Sept.    12,    07.       9    figs. 


3000  w.  20c.  Shows  how  the  teeth  of  gears 
are  machine-molded  from  a  simple  tooth 
block  and  also  illustrates  some  large  herring- 
bone gears. 

Malleable  Castings. 

Malleable  Castings — II.  B.  L.  Rhead. 
Mech  Engr — Aug.  31,  07.     3700  w.      40c. 

Heat  Losses  from  Bnildin|i^. 

Methods  of  Estimating  Heat  Losses  from 
Buildings.  Charles  L.  Hubbard.  Htg  & 
Vent  Mag — Sept.,  07.     2800  w.     20c. 

Hot  Air  Heating. 

Hot  Blast  Heating.  Charles  L.  Hubbard. 
Dom  Enj^g— Sept.  7,  07.  2  figs.  2600  w. 
Sept.  21.  1  fig.  1300  w.  Each  20c.  XII. 
Relations  Between  Volume,  Pressure  and 
Power.  Xlll.  Horse-Power  Required  for 
Fans. 


Hot-Water  Heating. 

High    Boilers   in    Water   Heating. 
Hoyt.      Dom    Enpg — Stopt.    27,    07. 

1700    w.      20c.  * 

I' 


A.    T. 
2    figs. 
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Formula  for  Pipe  Sizes  in  Hot-Water 
Heating.  Oliver  H.  Schlemmer.  Htg  & 
Vent  Mag — Sept..  07.  3  figs.  8000  w.  20c. 
Paper  read  at  the  semi-annual  meeting  of 
the  American  Society  of  Heating  and  Ven- 
tilating Engineers,  Milwaukee,  Wis.,  July 
18-19. 

Vacanm  Heating  System. 

The  Vacuum  Heating  System  in  the  God- 
frey Block,  Grand  Rapids.  Eng  Rec — Sept. 
14,  07.  3  figs.  1800  w.  20c.  Describes 
plant  possessing  several  unusual  features. 

Ventilation. 

Air  and  Its  Relation  to  Vital  Energy.  S. 
H.  Woodbridge.  Dom  Engg — Sept.  21,  07. 
2300  w.     20c.     Conclusion. 

The  Ventilation  of  Factories.  Engg — 
Aug.  23,  07.     2  figs.     2200  w.     40c. 

HOISTING  AND  HANDLING  MACHINERY. 
Conveyorx. 

Modern  Development  in  the  Art  of  Con- 
veying Materials.  W.  R.  Hurlburt.  Ind 
Mag — Sept.,  07.     3  figs.     4200  w.     20c. 

Cranf*H,   Vnder-Carriages  for. 

The  Design  of  Under-Carriages  for  Jib 
Cranes.  E.  G.  Fiegehen.  Prac  Engr 
(Lond) — Aug.  30,  07.     7  figs.     2800  w.  40c. 

Electro-Magnets  for  IJfting. 

Electro-Magnets  for  Lifting  and  Handling 
Materials.  Charles  R.  .  Benjamin.  Cass 
Mag — Oct..  07.  12  figs.  3500  w.  40c.  Il- 
lustrated description  of  successful  types  of 
lifting  magnets. 

Lifting  Magnets  and  Their  Numerous  In- 
dustrial Applications.  Ind  Wld — Sept.  9, 
07.      7  figs.      3500  w.      20c. 

The  Electric  Magnet  in  Practical  Use.  Ind 
Mag — Sept.,  07.     9  figs.     1300  w.     20c. 

Elevators. 

A  Positively-Controlled,  High-Speed  Elec- 
tric Elevator.  Eng  News — Sept.  26,  07.  1 
fig.     1900  w.     20c. 

Notes  on  Elevators.  E.  R.  Carichoff.  El 
Rev — Sept.  21,  07.  1  fig.  2ri00  w.  20c. 
A  comparison  of  hydraulic  and  electric  ele- 
vators, favoring  the  latter. 

The  Electric  Elevator  Efiulpment  for  a 
Tall  Oflico  Building.  Eng  Hoc-  S<M)(.  21, 
07.  3  figs.  2000  w.  20c.  iXwM'ilx^s  in- 
stallation of  the  18-Ktory  oflUM;  !)nilding  at 
No.  1  Wall  Street,  Saw  York  Clly. 

The  Hydraulic  Elevator.  X.  -William 
Baxter,  Jr.  Power — Oct.  17.  1 2  llgs.  .'.700 
w.  40c.  Discusses  the  coiiKtriirilon  of 
traveling-sheavo  frames,  tlw  sh<'iiKi.ii«'iiInK 
of  foundations  and  supports,  iiiid  the  avoid- 
ance of  piston  and  cylind(;r  frir-tloii. 

Mine  Hoisting  Plant. 

A  New  Mine  Plant  in  ^Wniiiiuy.  M.  K. 
Hurschauer.  El  Rev-  Sofit.  L'S,  07.  :,  l\v;y^. 
1900  w.  20c.  Descrllx's  iiiod<Tii  IioImMiik 
equipment  installed  at  tin-  'IlihM|«'rhail 
mines,  near  Brunswick. 


HYDRAUIilG  POWER  PLANTS. 

Centrifagal  Pumps. 

Centrifugal  Pumps.  E.  F.  Doty.  Engr — 
Oct.  1,  07.  2  figs.  3000  w.  20c.  I.  Some 
historical   and  theoretical  considerations. 

Engine-Driven  Centrifugal  Pumps:  Their 
Capacities,'  Limitations  and  Duties.  Ry  & 
Engg  Rev — Sept.  7,  07.     1  fig.     1500  w.  20c 

Hydro-Electric  Development. 

Hydro-Electric  Power  Development.  Wm. 
Kennedy.  Can  El  News — Sept.,  07.  1  fig. 
1600  w.  20c.  Discusses  subject  with  special 
reference  to  long  distance  power  transmis- 
sion and  some  turbines  of  large  unit  capac- 
ity, operating  under  high  heads  of  water. 

Hydro-Electric  Plants. 

A  Water  Power  Station  for  the  Supply  of 
Lucerne.  El  Engr — Sept.  19,  07.  15  figs. 
4000  w.     40c. 

Some  Hydraulic  Features  of  Kern  River 
Plant  No.  1.  W.  Elecn — Sept.  7.  '07.  3300 
w.  20c. 

The  Hydro-Electric  Development  of  the 
Great  Northern  Power  Co.  Eng  Rec — ^ept. 
7,  07.  9  figs.  6100  w.  Sept.  14.  8  figs.  4300 
w.  Each  20c.  Describes  an  extensive  project 
on  the  St.  Louis  River,  near  Duluth,  Minn. 

The  Hydro-Electric  Plant  at  Kakabeka 
Falls,  Ont.  Can  El  News — Sept.,  07.  11 
figs.     4600  w.     20c. 

The  Hydro-Electric  Plant  of  the  Canadian 
Niagara  Power  Company.  Can  El  News — 
Sept.,  07.    5  figs.    5000  w.    20c. 

The  Hydro-Electric  Plant  of  the  McCall 
Ferry  Power  Co.  Eng.  Rec. — Sept.  21.  07. 
13  figs.    10,000  w.     20c. 

The  McCall  Ferry  Hydro-Electric  Power 
Plant  on  the  Susquehanna  River.  Eng  News 
— Sept.  12,  07.  19  figs.  12,300  w.  20c.  Ex- 
tended description  of  a  100,000-HP.  pro- 
ject in  Pennsylvania. 

The  Kaministiquia  River  Water-Power  De- 
velopments. El  Wld — Sept.  14,  07.  7  figs. 
2300  w.  20c.  A  14,000-HP.  IbsUllatlon,  18 
miles  from  Ft.  William,  Ont. 

The  New  Hydro-Electric  Plant  of  the  Sher- 
brooke  Power,  Light  &  Heat  Company.  Can 
El  News — Sept.,  07.     3  figs.  1900  w.    20c 

The  Plans  of  the  Bar  Harbor  and  Union 
River    Power   Company.   El   Wld — Sept.    21, 

07.     4  figs.     1700  w.     20c. 

Hydraulics. 

Experiments  with  Submerged  Tubes  4  ft 
Square.  C.  B.  Stewart.  Eng  Rec — Sept.  28, 
07.  4  figs.  2500  w.  20c.  Discusses  the  loss 
of  head,  resulting  from  the  flow  of  water 
through  submerged  gates,  tubes  and  orifices 
of  considerable  size  and  various  forms  of 
<Mi  trance. 

Flow  of  Water  Carrying  Sand  in  Suspen- 
sion. F.  K.  IJlno.  Eiif^  &  Min  Jl — Sept.  21. 
0  7.  :;joo  w.  20c.  A II  experimental  study  of 
r.'M-trirs  wliicli  infliMMK'o  the  relation  between 
liio  velocity  roqnirod  atid  the  proiK)rtion  of 
saiiil  in  suspension. 
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WHAT  KIND  OF  LITERATURE 
AN  ENGINEER  CAN  BEST  AFFORD  TO  READ 

nf.- 1.;  ilml  inii-iri.TTiii'.  nnil  J.-nt-rym  thi^ '^arrfnl  POiutMi-ratlon  of  air  nnKlncrn. 
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GENERAL  READING  IS  AN  ACT  OF  RECUPERATION 


Toar  tuntnwion  w«*rer>ut  thi^diwucol  rnut  mimt.  (Imnl  rT>n< 
Th»  b«U*r  mm  iwom  m  h*™  tlmo  lor  book*.     Sutop  or  xh-m  timo 

irfltwili  nil*  la(KriM.*n>  licUor  aiuilnten  tMwauiu>  tlior  (nit  il 
EiU>l  thloCB of  Ufa  be<«ii>M>  their  brnlnB.b(>ln«  ui'l)  1-^].  ho 
Mkli  tak*  tImdfntcsDanI  rcadlnc.  TourKcncm]  n-adlne 

Wfl la<n> aaiivUf^  mmnr  "fiKlfiMtn  with  m-tt.  «t  thi>  U-.k*  \\h 
kboTs-awtitioncd  n»od  (orxwl- «b'jliw.<mp  rMldknu.  m 


B  Uior  «r»  lintfnr  antrloMn  : 
Iwlrmlii'l*.    Ttipr  hBir«  tlm* 

!!•■  tilt  yiia  M  an  i<iiKlnif«r. 
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MASTERPIECES  OF  THE  WORLD'S  BEST  UTERATURE 


r.  Uh<  Dmnalii*.  Ihri  Humnroun.  aud  Ihe  I.yri?  wrlli-n  *n  lulli  mt>rNii>nl*iI.  0<rl<>D*  Hrl»r- 
a/roM  4r<MivAaitM  fo  Kiplinit,  fmtn  Anna  I"  RiHianfJ!).  >ni  hrro  tiirmMl  Intna  Llbnirrof  in«F  ftotiiD 
»«tnl'<tltH>BMtC»mprMm»iia(ivorwrlllcli.  Tho  Ulisino  Utrle  Book  Rack  ahoWB  In  tho  tlluatraUnii  I* 
111  (uli  K>t  ot  buoka. 
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TImi  KfT'ifi.  of  ChfiiiK''H  In  Canal  Crom-Sec- 
llfinti  II  pun  Kill  I*  of  Flow.  K  W.  Hanua. 
lOiiu-   NitWtt      H«M»».   2«,  07.      XOOO  w.    20c. 

Tim  Vt'loi'lly  of  Wiititr  In  CondiiltH.    Engg 

AiiK-    :'.:i,  07.     1400   w.     lOr;. 

IJllVlM'IMM'M. 

Mni'lifiiilcfil  l)i*iftllH  of  (ho  (fovornora  of  the 
WiiiiM-  WhiMi|  Kf|iilpiiii*iil  of  I  ho  Korn  Kivor 
Piiiiil  No  I.  Ariiolil  Pffiu.  Am  Macth — 
HopI     !'.».  <»V.      I    Mk.      :\'MUt  w.    20(:. 

I*IIIII|IK    1111(1     l'lllll|lillK    IMlllltM. 

Ilnw  In  Spi  (h««  ViihoH  of  a  Diiplox  I'ump. 
K.  !<•.  NhUrl.  I'owiT  on.,  07.  S  Hkh.  IDtM) 
\v.  lOiv  (il\t<H  Nliiiplii  (llrcclloiiH  witli  oxplan- 
itloo   illitKriiiiih.  InrhiilhtK  hIho  tlio  (effort  Uiul 

IriMltllllMlt     of    t  ho    ('I'llNit  I^XhtlllHl. 

Moriuiiih'Hl  Ti'HlH  (»r  I'll  III  pH  iiiul  ruiiipinK 
riuiilH  111  rnlirornhi.  .1.  \.  ho  ('onto  and 
r.  10.  Tntt.  Jl  of  Kl  V  A  OuH  AuR.  :U.  07.  2 
rtgh  sooo  w.  UOo.  Kroiu  Itullolln  r.  S.  Dopt. 
A^r  .  Ottiro  of   K\p«M*tin«<nt    StuttoiiH. 

MiutiMii  PuiiipliiK  niul  n.vilniullo  Marhln- 
tM'>       \VI        KilwanI     UiUUm*.     Mt»rh    ICnKi* 

Vun    -'I.  o;.    li  Wf^H    :i5»oo  w.   xvii.  Sopi. 
iM     ;  rtsrt    ,*;oo  w.   K«oh  loo. 

Most  lOrtUMoul  iMliulor  Ktitlo  in  Uiivot- 
Aiuuji  riuups  \\  \\  NIrkol.  Moob  WKl  - 
Sop(     lii.  o;'      S   rtKji      ISOO  w.     LMU\ 

I 

NoU'**  on  (ho  ^loNoiiUnK  of  U>drHuUo  Tur- 
t»ii\o^      KoSmi   S     \\i\\\      Kn»i»i      Aus.    :\^   07. 
W    p.<s      .»i-0\»    w       »Ovv     Trtpor    ivji^l    boforo 
Soviio'.i  v}  oi   ;t'.o   r-vtiiNh    \>so^i;r.ior.  (\\    l.o; 
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Gas  Engines.  I.  A.  Naegel.  Z  V  D  I — Sept 
7,  1907.  10  flgs.  7500  w.  Sept.  14.  15  figs. 
9,000  w.    Each  60c. 

Ghh  Engine  Breakdowns. 

Gas  Engine  Breakdowns.  Michael  Long- 
ridge.  Mech  Engr — ^Aug.  31,  07.  9  flgs. 
5000  w.  40c.  Gives  the  author's  observa- 
tions on  gas-engine  breakdowns  in  his  an- 
nual report  to  the  British  Engine  and  Boiler 
Insurance  Company. 

GaK  En^iiio  Development. 

Modern  Gas  Engine  Development  in  Eu- 
rope and  America.  Jl  of  El  P  &  Gas — Sept 
7,   07.    2  figs.      3400  w.   20c. 

Some  European  Tendencies  in  Gas  Engine 
Manufacturing — Oswald  H.  Haenssgen.  Gas 
Engine — Sept.  5,  07.     1   fig.     5000  w.     20c. 

Gun  Producers. 

Modern  Power  Gas  Producer  Practice  and 
Applications.  Horace  Allen.  Prac.  Engr 
(Lond) — Aug.  30.  07.  2300  w.  40c.  Con- 
tinued. The  Blast  Furnace  as  a  Gas  Pro- 
ducer. 

S|MH^  Regulation. 

Speed  Regulation  of  Internal  Combustion 
Engines.  Engr — Oct.  1.  07.  1500  w.  20c. 
niscusses  its  relation  to  thermal  eflflclency 
undor  \arying  loads. 

>lAt*HINE  PARTS. 

Itall  IWarinirs. 

!!*.\osv. cations  on  Hardened  Steel  Balls. 
K    S:ri*Hvk.    Z  V  D  1 — Sept.  14,  07.    9  flgs. 

'•" \v     ''"O.     Firsit  article  giving  results  of 

•.t'^:s  o::  V.ar^ioned  steel,  especially  for  balls 
:or  use  tr*  N?a rings. 

VVv  :\5:  iv.  Ar..l  rse  of  Ball  Bearings. — 
':\.--:^  ':Usck  A-^  Mach — Sept.  :>,  07.  39 
r.i<  ^ '.  ■  vk.  -0.  Installment  of  A.  S.  M. 
y  Hr;-;-  <>.,»*  I- £  j.nd  explaining  details  of 
.i.s  i."  .*■■  •.  v.ii':  :yj^ioal  ball-bearing  con- 
>     :.■    .'-.  >     ,'-    TJLiii!     thrust     and     angular 

\.    .->   .-      :::  -.vi      'A':::    O    Webber.    Engr 

s.  '     '    ■  :  V     200. 

■^.     ,' <      •     -i     •:    A'::oc:;a::o    Screw    Ma- 
^       -  ;:..:-;•:    izi   F.    A.   Stanley. 

"       >  .1*1?    igs.    "ISmO  w. 

;    .::;    i::i*T<  o!!  Pratt  & 
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The  "STEELGRIP"  Patent 
Hardwood  Floor  Construction 

Permanent  Security 

Sanitation  and  Ventilation 

ECONOMICAL 

ArrhiHTt(.nii.I  ILiildirs  ini>  itivifil  !■>  iiiv-ligalf. 


J.  0.  BEERS,  1  West  34th  St.,  New  York 


Architects'  and  Builders'  Magazine 

Tins  Manniinp  it  ilprot«d  to  dfRCrihrng  niid  illHdrftfing  tho  arliflic,  UHrhrilcal  and  (.i>n- 
■truirtiVT'  (paluivB  of  modern  buildiiiK. 
Whilr  it  eivM  considerkblF  Rpnce  to  ill ust ration r,  it  is  by  no  inpsn*  n  nipro  itictnn* 
book,  but  e»(«r«  can-fnily  into  all  lh»  constructive  and  eni^int^rinc  feaiurM  o(  iu 
bnfldiiii^.  tuch  a*  roandatiom,  flrpprooIiDg,  etc.,  giving  thp  brut  practicn  of  lli* 
kwling  aiehlwcta,  enKin^era  and  biiildera. 

Ik  addHion  u>  trMtInK  rec«nt  BtrurturM  Iti  this  lull   and  l■Ubo^ltl^  manner.  Lhfrn  appear 
IraB  nontli  lo  month  Mriai  and  api-ciol  nrtirif*  (in  tvclmicnl  eiibjpcta,  li^al  ijnfationa  offectiTiK 
ctaltectt  Ud  bnllden  and  (ilhtr  iiinllcrB  nf  cuririit  intcrrol. 

Th»   ftfm  of  tlifi  piihli«lirr*  hrinR   to   tuminli  an  tip-lo-dntp   mcnthly  rfpir^rntinu   ihe    Uf<-pt 
■  *     "  "     ■  of  Um-  archit«:liiral   profresimi, 

A  new  article  on  Fireproof  Construction 
starts  with  October  Number. 


Monthly  at  fS.OO  p^r  yrar.     t'orr-ign  Siihscriplions  $^.011  pir  r 


Singli)  CopiH  d<  t 


WILLIAM    T.    COMSTOCK.    Publisher 

23    WARRRN'    STRr:FX    NEW    YORK 

Chib  CatalofpM  B,  with  Ivriiia  foi  MnKuiiint-  and  Tirclinltral  I.lbruy 


What    Some   People   Say   of 
Technical  Literature 


t  at  TuJiDlul  I. 


OUKK    COOKS.     Pttbllibir. 


nnMtXOO  *.  rslSA.  x™  Tor*  CUT  — Allow  m*  lo 
--4«»MtaM  rwt.  I  hoi»  yoB  mi*  tttir  ■  1or«  *n«w«. 
1-%ml  UWfmt«»  l>  «>Mlr  itio  Ihlni  tar  •  t>*"ni 
■  ■tanar  «W  vmM  nal  povlhlr  kwp  up  vitb  lb*  llttr- 
a«»  <tf  •!>  •■•laMrlBc  braacbH  u|ar«i>ti<. 

USfS    WHITB.    RniLMBT,   Soutb    Puk  OoniDl« 


The  Engineers*  Chib  of  Philadelphia 


A  SpWnaU  AdvcrtJslNX  Median) 
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Mnrhliio    Tool    DeisiRD.     J.    T.    Xicolson. 

KiiKr  (liOiHl)-   AiiK.  30.  07.   r>  flgB.   nooo  w. 

S<«pl.  i:i.  2200  w.  Kfich  40r.  XL.  and  XLI. 
liiith««  IKmIh.  (31v(*h  iiuiny  oxumploH  of  Eng- 
llHh  and  AiiHMtrnii  HoctionH  with  dtaf2;rams 
mid  forniiilaH  for  prinrliml  diniunsioDB. 

MMcliliir  K<*rrwH. 

Stnndiird  Proportions  of  Machine  Screw 
MondH.  Am.  Much  Sopt.  12.  07.  4  Ars.  300 
w.  20i«.  (JlvrH  oorrortod  formulas  to  replace 
thoM«i  In  tho  IVoo.  A.  S.  M.  K.  which  contain 
A  numhor  of  orror». 

8|nmhM  MiHiigl  iiR  MiM'linnlNiiin. 

A  Kour  Spood  (MiunRo-Koar  Device.  B.  F. 
l.Andtx.  Am  Much  Sopt.  20.  07.  5  tigs. 
\:An^  w.    20c. 

Spivdn  and  KihmIh  In  (loomctrlc  Progres- 
nlon.  John  Parker.  Am  Much — Sept.  26,  07. 
7  n^n.  4100  \v.  20c.  Shows  how  speeds  and 
(«^h1s  for  mnohlno  tools  arc  calculated  in 
K^Hunotrtc  pn^Kression  by  logarithms  and 
Rtxos  topical  oxampU^. 

MATKUIA1.S. 

Alloys  IVt^lwimfion  of. 

.V'.■lO^^     .V.    Unmboldt    Sexton.    Mocb    Kngr 
x^opi      II.     o:.      :UCO     w.      lOo,       XXlll. 
Prx^pavrtiion  of   .Mloys. 

SovN^v  IVsT  of  Uijih-S'i^^vd  Tool  Sttvls.  L. 
S     J<    M     S     K     K        Viu    V:uiir   Jc    K    K   JI— 

V>«*  KfT^v,  o;  V:iv..ia;;:m  :v,  S^vl.  K  T. 
v":aacc       *.:•   Vv  Ko\      So^:     Cf^.  07      l'',^0  w. 
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Shear. 

The  Behavior '  of  Materials  under  Pure 
Shear  Stress.  E.  Prenss.  Stahl  u  Eisen — 
Aug.  21,  07.     3  figs.     1100  w.      60c. 

HtreKS,  Measurement  of. 

The  Work  of  Deformation  as  a  Measure 
of  Strain.  Rud.  Oirtler.  Zeit  Oest  Ing  u 
Arch — Sept.  13,  07.  9  figs.  5500  w.  60c 
A  mathematical  study  with  illustrations  of 
the  effect  of  stresses  on  several  varieties  of 
glass.  • 

Testing  Machines. 

New  Machines  and  Methods  for  Testing 
Metals.  P.  Breuil,  Rev  de  Mec — Sept..  07. 
6  figs.  1300  w.  11.80.  Continuation  of  ar- 
ticle begun  in  April  number. 

METAL  WORKING. 

Annealing  Furnace. 

Side- Fired  Furnaces  for  Annealing,  etc. 
Walter  J.  May.     Prac    Engr  (Lend.) — Aug. 


30.  0«. 


5  figs.     1400  w.     40c. 


Bevel  CSear  Cutter. 

A  French  Machine  for  Cutting  Bevel 
Gears.  G.  Eude.  Am  Mach — Sept.  5.  07. 
10  figs.  3300  w.  20c.  Describes  a  ma- 
chine in  which  each  tooth  of  the  gear  is 
milled  at  a  single  cut  by  means  of  a  novel 
holiividal  cutler  of  superimposed  pitches. 


lU^ilor  l^artci,  I^j-oot  c»f. 

l-i>out  of  a  Double  Offset  Pipe. 
v.oMs       Bo:!«r     Maker — Oct..    07. 


C.  Rey- 
1200   w. 


«    .'V  . 


;-A>vv::  of  a  Taper  Transit  Piece.  H.  S. 
.*t:^rt^>  H.f.vr  Maker — Oct..  07.  19  fiets. 
'.r  •"  w  i.x.  EVsiribes  method  used  for 
,»   vv'rr.tv::,-    *>e:wr^a   two  round    cylinders, 

:>!'  :.iivr  N:-?  e.veTiTrio  and  one  side  a  flat 

<  ■  -  •-  •  v 

V.'i-..^*::.:TV  of  Boi'.rr  Tabes.  F.  X. 
>Vi  :"  K;.  «  Sr«  RiT — Sepi,  7.  07.  1900 
«       i  . ,'       rjt7>tr  rrid  ^efo^e  the   Richmond 
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1 


Standard  Publication  on 

Portland  Cement 

Construction 


Concrete' 


f^rier  Si  prr  ft»r.  Publishtd  monthly. 


CONCRETE  is  devoted  to 
Portland  Cement  and  cemeni 
conttruciion,  and  has  a  larger 
number  of  readers  in  this  field 
than  any  other  publication.  It 
contains  more  advertising  than 
any  other  cement  and  concrete 
journal.  Send  10  cents  for  sam- 
ple copy. 


E-\tratU  from  a  (ew  rrrent  ielUn: 

' '  I  fa«T«  bam  ■  lubKriber  to  your  paper 
lor  acvly  *  fMT  and  «i*h  to  cnntinue  bo.  m 
I  kam  dvriTHl  ft  civM  defti  ot  useful  inlornik- 
lim  iTDiB  It. 

"John  AlUen,  Sew  York  City." 

"  I  liBTv  been  looktitR  fur  iIk-  bfpt  monthly 
■it  It*  kind  M»l  (M  noUiiiiit  lieii«t  than  Cox- 

'■  Haak«41  Ewinc.  St.  Paul,  Minn." 

"Haa  mj  MhaeripUon  to  Conciuctb  cx- 
ptrrd  T  II  wa,  pleuc  IM  hip  kiiow  aju]  I'll 
r«vtU  al  oner,  Inr  I  wonldn't  be  with^t  Cox- 
cmm  at  iwW  the  price  of  it. 

"  W.  I!.  CortriKjii, 

.«o<itli  I'wndena.  Cal." 


1- 


Concrcte    Publifihing   Co. 
Newberry  BIdg.,  CTetroit.  Mich. 


Announcement 


THE  SUBURBAN  HOME 
iiuiiiber  of  the  Abchitrc- 
TtK.M.  Rk*  o«i>  will  appear 
on  ibc  news  stands  on  Sep- 
tember 25th.  This  is  the  ONE  BIG 
SPECIAL  NUMBER  of  the  year. 
The  price  of  this  number  will  be  the 
same  as  the  regular  edition,  aj  cents 
per  copy.  So  jjet  your  order  in  early, 
before  the  edition  is  exhausted. 

If  you  will  send  os  your  year's  sub- 
scription now.  we  will  send  you  the 

Suburban  Home 
Number 

tree  and  start  your  year  with  the  No- 
vember number.  Price  o(  year's  sutn 
script  ion,  $3.00. 

Advertising  Rates 

<'«trvto  fW  Vmi 

Sixteenth  Page  .  .  .  $6.00  $6o 

Highih  I'age  ....  ti. 00  I  to 

Quarter  Page  ....  19.00  190 

Half  Page 36.00  360 

Whole  Page 60.00  600 


A  DOR  ESS 

Archilcciural  Record  Co. 

1 1  East  Twenty-fourth  Street 
New  York  City 
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Forging. 

Forging  at  the  Collinwood  Shops.  L.  S. 
&  M.  S.  R.  R.  Am  Engr  &  R  R  Jl — Sept., 
07.     5  figs.     700  w.     40c. 

Gaging  System. 

A  New  Swedish  Combination  Gaging  Sys- 
tem.    E.  A.  Dixie.     Am  Mach — Sept.  19,  07. 

17  figs.  4500  w.  20c.  Describes  system 
whereby  81  extremely  accurate  gages  are 
used  in  combination  and  80,000  different 
gage  sizes  varying  by  0.0001  inch  are  ob- 
tained. 

Ontters,  Grinding. 

Grinding  Cutters  for  Rotary  Planers. 
John  Ridell.  Am  Mach'^Sept.  26.  07.  4 
figs.     1000  w.     20c. 

Lapping. 

Lapping.  E.  A.  Johnson.  Am  Mach — 
Sept.  12,  07.     3  figs.     1900  w.     20c. 

Milling. 

A  Relieving  Attachment  for  the  Milling 
Machine.  Am  Mach — Sept.  5,  07.  1  fig. 
500  w.     20c. 

Milling  Attachments  for  the  Lathe.  Os- 
car E.  Perrigo.  Am  Mach — Sept.  19,  07. 
300  w.     20c. 

Oxy-Acetylene  Blowpipe. 

The  Oxy-Acetylene  Blowpipe.  Cecil 
Lightfoot.  Ir  Age — Sept.  19,  07.  2300  w. 
20c.  From  a  paper  presented  at  the  Inter- 
national Acetylene  Association,  July,   1907. 

Plate  Shear. 

A  Large  German  Hydraulic  Plate  Shear. 
Frank  C.  Perkins.  Am  Mach — Sept.  12,  07. 
1  fig.  500  w.  20c.  Describes  a  rolling- 
mill  shear  for  shearing  plates  up  to  two 
inches  in  thickness  and  14  feet  in  maximum 
breadth. 

Soldering. 

Experiments  on  Soldering.  A.  Lippmann. 
Elek  Zeit — Aug.  25,  07.  4  figs.  5600  w. 
40c.    Sept.  5.     6  figs.    3300  w.     40c. 

Experiments  on  Soldering.  Adolph  Lipp- 
mann. El  Rev — Sept.  20,  07.  2  figs.  3600 
w.  40c.  Translated  from  the  "Elektrotech- 
nische  Zeitschrift." 

Test  Indicator. 

Toolmakers'  Universal  Test  Indicator.  J. 
D.  Stryker.  Am  Mach — Sept.  19,  07.  9  figs. 
1000   w.      20c. 

Twist  DrilLs. 

The  Making  and  Testing  of  Twist  Drills. 
Fred    H.    Colvin.     Am    Mach — Sept.    26,    07. 

18  figs.  6400  w.  20c.  Describes  the  tools 
used,  methods  of  testing  and  results  ob- 
tained by  the  Cleveland  Twist  Drill  Com- 
pany, Cleveland,  O. 

RKFRlGER.\TIOX. 

Management  of  an  Absorption  Plant.  W. 
S.  Luckenbach.  Cold  Stor  &  I  T  Jl — Sept., 
07.    2600  w.     40c. 


Refrigerating  Plant  of  Washington  Brew- 
ing Company.  Engr — Sept.  16,  07.  11  flgi. 
4300  w.  20c.  Describes  a  practical  plant 
designed  for  economical  operation. 

Overhauling  the  Ice  Systeib.  J.  C.  Cal- 
houn. Ice  &  Refrig — Sept.,  07.  3000  w. 
40c.  Gives  suggestions  for  repairing  and 
operating  the  distilling  and  freezing  end — 
cause  of  air  lock — connecting  filters — meth- 
od of  pulling  tank,  etc. 

SHOPS   AND   BUILDINGS. 

Cost  of  Producing  Machine  Parts. 

Modern  Machinery  and  Its  Future  Devel- 
opment. H.  I.  Brackenbury.  Engr — ^Aug. 
30,  07.  500  w.  40c.  Discusses  compara* 
tive  cost  of  production  of  machine  parts  by 
engine,  turret  and  automatic  lathes,  from 
an  English  standpoint  of  wages.  Paper 
read  at  the  British  Association  at  Leicester. 

Reinforced-Concrete  Shops. 

The  New  Manufacturing  Plant  of  the 
George  N.  Pierce  Co.,  BufCalo,  N.  Y.  How- 
ard S.  Knowlton.  Eng  Rec — Sept.  7,  07. 
13  figs.  5600  w.  20c.  E>escribes  a  recently 
constructed  reinforced-concrete  plant  for 
the  manufacture  of  automobiles. 

STEAM   POWER  PLANTS. 

Ash  Handling. 

Ash  Handling  Plant,  P.  &  L.  E.  R.  R.  Am 
Engr  &  R  R  Jl — Sept.,  07.  7  figs.  900  w. 
40c. 

Barring  Gears. 

Electric  Barring  Gear  for  Large  Engines. 
Engg — Sept.  13,  07.  5  figs.  1000  w.  40c 
Describes  device  for  turning  fly-wheel  shaft 
around  to  any  desired  position. 

Blast  Furnace  Gas  Fuel. 

Determination  of  the  Quantity  and  Heat- 
ing Value  of  Waste  Gases  from  Blast  Fur- 
naces. J.  Von  Ehrenwerth.  Stahl  u.  Eisen 
— Sept.  4,  07.    900  w.    60c 

Boilers. 

An  English  Boiler  Improvement.  Ir 
Age — Sept.    19,   07.     7  figs.      2800   w.      20c 

Cylindrical  Boiler  Furnaces.  Boiler  Mak- 
er— Oct.,  07.  8  figs.  2800  w.  20c.  De- 
scribes the  development  of  modern  suspen- 
sion furnaces  and  methods  of  manufacture. 

Methods  of  Obtaining  Flexibility  in  Loco- 
motive Fire  Boxes.  Boiler  Maker — Oct.,  07. 
6  figs.     3300  w.      20c. 

The  Lining  of  Steam  Boiler  Furnaces. 
William  Kavanagh.  El  Wld— Sept.  7.  07. 
800   w.      20c. 

The  Nature  of  True  Boiler  Efficiency.  W. 
T.    Rav    and    Henry    Kreisinger.      Ir    Age — 
Sept.    26,    07.       1    fig.     2200    w.     20c.      Ab- 
stract  of  a   paper   read   before  the  Western 
Society  of  Engineers,  Chicago,  Sept.   18. 

The  Rate  of  Heat  Transmission  in  Steam 
Boilers.  Uy  Age — Sept.  2  7.  07.  1400  w. 
20c. 
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THERE  is  no  other  magazine  in  the  world  that 
covers  the  fields  of  engineering  and  technology 
to  the  same  extent  or  in  such  a  useful  literary 
way  as  TECHNICAL  LITERATURE !     No  other 
magazine  appeals  equally  to  specialists  and  to  the 
general  reader  in  so  many  branches  of  the  profession. 

Technical  Literature  has  become  a  most 

valuable  companion  to  such  men  as 
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Thes«  men  may  be  considered  as  forming  the  backbone  of 
the  industries  of  the  country.  They  are  the  men  who  do 
things,  and  who  control  the  expenditure  of  millions  of 
dollars,  involving  the  purchase  of  all  kinds  of  material  and 
machinery.  If  you  have  anything  to  sell  them,  advertise 
it  in  TECHNICAL  LITERATURE. 

Let  us  show  you  the  scope,  vitality  and  the  power 
of  the  circulation  of  this  magazine. 

ONE  ADVERTISER  WRITES:  "Your  magazine.  Technical 
Literature,  is  ■  good  one  and  sure  of  succeu.  It  ts  going  to 
be  looked  over  by  a  good  clau  of  readers,  and  our  adver* 
tttement  will  not  be  lost  in  a  mau  of  ill-digested  matter." 

ADVERTISING     RATES     SENT    ON     APPLICATION 
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TECHNICAL    LITERATURE 


Coal,  Purchase  of. 

The  Purchase  of  Coal  Under  Specifica- 
tions. J,  E.  Woodwell.  Mines  &  Min — 
Sept.,  07.  7200  w.  40c.  Discusses  varia- 
tions in  heating  values;  adjusting  pay- 
ments; methods  of  sampling  and  analysis. 

Cooling  Towers. 

The  Capacity  of  Cooling  Towers.  Engr 
(Lond.) — Sept.  13,  07.  8  figs.  5000  w.  40c. 
Details  and  data  regarding  a  number  of  dif- 
ferent towers  for  cooling  condensing  water. 

Economy  of  Small  Anthracite  Fuel. 

The  Economy  of  Small  Anthracite  Fuel. 
William  D.  Ennis.  Eng  Mag — Oct.,  07.  18 
figs.     2500  w.     40c. 

Engine  Breakdowns. 

Engine  Breakdowns  and  Their  Lessons. 
Michael  Longridge.  Mech  Engr — Aug.  24, 
07.      17   figs.      6200  w.      40c. 

Engine  Foundations. 

Steam-engine  Foundations.  R.  T.  Strohm. 
Power — Oct.,  07.     2  figs.    2100  w.    40c. 


Valves.      N.     C. 
6  figs.      700   w. 


Engine  Valves. 

Lubrication    of    Engine 
Hurst.      Power — Oct.,   07. 
40c. 

Trick  Valves.  M.  Hochwald.  Z  V  D  I — 
Aug.  31,  07.    .12  figs.    1500  w.     60c. 

Expansion  of  Steam. 

The  Action  of  Steam  During  Expansion. 
Fred  R.  Low.  Power — Oct.,  07.  5  figs. 
3600  w.  40c.  Shows  how  steam  exerts 
pressure  and  how  pressure  varies  with  vol- 
ume and  temperature;  also  explains  isother- 
mal and  adiabatic  conditions. 

Flue^as  Analysis. 

Flue-Gas  Analysis:  Its  Value.  Joseph  W. 
Hays.    Power — Oct.,   07.    2200  w.    40c. 

Fuel  Testing  Plant. 

The  Fuel  Testing  Plant  of  the  Geologi- 
cal Survey.  C.  T.  Wilkinson.  Engg  &  Min 
Jl — Sept.  21,  07.    3  figs.    2500  w.    20c. 

Indicators. 

Combined  Indicator  Cards.  Charles  S. 
Lynch.  Int  Mar  Engg — Oct.,  07.  11  figs. 
1200  w.    40c. 

Improvements  in  Steam  and  Other  Pres- 
sure Indicators.  A.  Wagener.  Z  V  D  I — 
Aug.  31,  07.     20  figs.     9000  w.     60c. 

Indicator  Practice.  Engr — Sept.  16,  07. 
14  figs.      6700  w.      20c. 

Injectors. 

Selecting  an  Injector.  R.  S.  King.  Engr 
— Oct.  1,  07.  3  figs.  700  w.  20c.  States 
points  to  be  noted  In  choosing  an  injector 
for  the  work  to  be  accomplished. 


The  Injector  and  Some  Requirements  for 
Its  Successful  Operation.     Paul  E.  Capraro. 
.     Engr — Oct.  1,  07.     10  figs.     2400  w.     20c. 

Mechanical  Stoking. 

Mechanical  Stoking.  EIek  u.  Masch — 
Aug.  25,  07.     10  figs.     2500  w.      60c. 

Oil  Fuel. 

Technical  Aspects  of  Oil  as  Fuel.  I. 
Franz  Junge.  Power — Oct.,  07.  11  figs. 
3900  w.  40c.  Discujsses  liquid  fuels,  their 
treatment,  and  the  formation  of  combustible 
mixtures,  with  regard  to  their  application  in 
power  plants. 

Power  Plant. 

The  Power  Plant  of  the  Elgin  National 
Watch  Works.  Eng  Rec — Sept.  14.  07.  5 
figs.     3700  w.     20c. 

Pressure-Gages. 

Remarks  on  Pressure-Gages.  Engg — Aug. 
30,  07.  2  figs.  11,200  w.  40c.  Abstract 
from  a  memorandum  hy  C.  E.  Strohmeyer, 
Chief  Engineer.  Manchester  Steam  Users* 
Association. 

Safety  Devices. 

Hopkinson's  Automatic  "Explosion" 
Valve.  Engg — Sept.  6,  07.  4  figs.  700  w. 
40c.  Describes  a  valve  which  automatically 
shuts  off  steam  when  a  pipe  bursts. 

Modern  Safety  Devices  for  Prime  Movers. 
C.  C.  Major.  Power — Oct..  07.  13  figs. 
4000  w.  40c.  Describes  the  salient  fea- 
tures of  various  engine-stop  and  speed-limit 
systems  and  their  application. 

Smoke  Problem. 

The  Smoke  Problem.  David  Townsend. 
Cass  Mag — Oct.,  07.     2900  w.     40c. 

Si>eed  Regulation. 

The  Speed  Regulation  of  Steam  Engines. 
Sterling  H.  Bunnell.  Cass  Mag — Oct.,  07. 
16  figs.  2700  w.  40c.  Discusses  the  vari- 
ous forms  of  governors,  beginning  with  the 
earliest  types  used. 

Steam  Turbine. 

A  New  German  Steam  Turbine.  Prac 
Engr  (Lond) — Aug.  30.  07.  3  flga.  1400 
w.  40c.  Describes  a  steam  turbine,  having 
several  novel  features,  recently  brought  out 
by  Mr.  J.  A.  Maffel  of  Munich. 

Water  Softener. 

The  Beisell  Water  Softener.  Engg — ^Aug. 
30.  07.  2  figs,  1900  w.  40c.  Illustrated 
description  of  a  new  system. 

WOODWORKING. 

Flanged  Pii>e  Patterns. 

Patterns  for  Flanged  Pipe  Fittings.  F.  W. 
Barrows.    Am  Mach — Sept.   19,  07.     21  figs. 

ll.OUO    w.      2  0(r. 


METALLURGY 


Blast  Furnaces. 

Improved  Bell  Valv«?  for  Rcgoneratiyo 
Furnaces.  H.  Gille.  Stahl  u.  EiKen---Sopi. 
11,  07.     4  figs.     1000  w.     60c. 


Thf  Blast  P'nrnace.  Horace  Allen.  It 
Tr  Rev-  Sopl.  12.  07.  iMOO  w.  20c.  VIII. 
T1k>  riilization  of  Blast  Furnace  Gases. 
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TO  BOOK  BUYERS 


WE  have  just  issued  a  new  112-paee  cataloeue  of  re- 
cenlly  published  Scientific  and  Mechanical   Hooks, 
which    we  will  mail  free  to  any  address  on  application. 
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FjToiiKrtry. 

HIgh-Temperaiure  Measurements.  Thom- 
ab  C-  McKay.  Cal  JI  Technology — Aug.. 
07.      2   figs.      3700   w.      20c. 

Optical  Pyrometry.  Dr.  L.  Holborn. 
Engg — Sept.  6.  07.  5000  w.  40c.  Paper 
read  before  the  British  Association  at  Lei- 
cester, Aug.  7. 

KooMtiiiK  Famace. 

The  McDougall  Roasting  Furnace.  L.  S. 
Austin.  Min  &  Sc  Press — Aug.  31,  07.  3 
figs.  1400  w.  20c.  Describes  a  type  of 
furnace  largely  used  in  the  inter-mountain 
states  and  mainly  on  ores  containing  27  to 
38'/r  sulphur. 

Acid  Open-Hearth  Slag.  \V.  M.  Carr.  Ir 
Tr  Rev — Sept.  5,  07.     1000  w.     20c. 

Iron  Slag.  Dr.  Theodore  Keller.  Sc  Am 
Sup— Sept.  21,  07.  2300  w.  20c.  De- 
scribes Ihe  utilization  of  this  waste  product 
as  slag  wool,  bricks  and  paving  material. 

StiH*l,  Manufacture  of. 

The  Manufacture  of  Steel  and  Wrought 
Iron  in  America.  Bradley  Stoughton.  Eng 
Mag-  Oct..  07.  21  figs.  880O  w.  40c. 
Treats  the  American  steel  industry  in  its 
metallurgical  aspects. 

SUh*I  Works. 

A  Now  Straightening  Machine  for  Rails 
and  Structural  Shapes.  Stahl  u.  Eisen — 
Sept.  4.  07.     3  figs.     1500  w.     60c. 

Tho  Bethlehem  Steel  Company's  New 
riant.  Ir  Age — Sept.  26.  07.  3  figs.  6200 
w.  JOo.  Describes  the  2S-in.  rail  mill  and 
the  .'S-in.  structural  mill  at  South  Bethle- 
hem. Pa. 

The  Klectrie  Power  Equipment  of  the 
UuvlMcher  Hiiito.  Frank  C.  Perkins.  El 
K:;?;:-     Stpt.   ::o.  07.      4  figs.      1300  w.    40c. 

V>.e  Ki2"i;^ii'ont  of  a  Rolling  Mill  Labora- 
tv'v^  Auc  Kavj^er.  Stahl  u.  Eisen — Sept. 
•.  *.    o:      :  tUs.     r»500  w.     Sept.  IS.     S  figs. 

V>.«'  VVrio*  .lad  Mines  of  the  Hungarian 
S  .;.c-  K-i-  :.oad» — Sept.  20.  07.  6  figs. 
, -^  >»  *•  V  lV**.*rlbes  the  principal  steel 
X*-.*- ■<>  ,".   :>.:'  ^•.ur^.irian  State  at   Diosg>*dr. 

--•,•  Trvatnent  of  Metallifer- 
•^Arr?.  Min  Jl — Aug.  31.  07. 
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I  <ir  n-nTpnr<-  to  )HH>ki>  or  talilm 

wilh    plalps.      Thr    uriahl    of    iH-aciM    ol  any 

ii-ic.  oppcAMv  A  i-oiiii  □□  Ihr   Ujuer  difc  rorre- 
M-;ile  llI^)||l^it.■  ihe  Itrnnih  o(  ihf  beam  atw*  ihe 

•Irliniirlv  m.iikeil  en  Ihn  mull  M'alr. 

a  sliile  lutr.  Kill  kave  ii<i  cosi  in  !«>■  or  ihree 
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Asbestos. 

Asbestos.  Its  Mining,  Preparation,  Mar- 
kets and  Uses.  E.  Schaaf  Regelman.  Eng 
Mag — Oct.,  07.      12  figs.      3500  w.     40c. 

Borax. 

The  Borax  Deposit  of  Salinas,  near  Are- 
quipa,  Peru.  A.  Jochamowitz.  Min  Jl — 
Aug.  24,  07.     1700  w.     40c. 

Coal. 

Bituminous  Coal  Washing.  G.  R.  Dela- 
mater.  Mines  &  Min — Sept.,  07.  5  figs. 
5500  w.  40c.  Discusses  the  design  of  wash- 
ery;  equipment  of  plant;  machines  used  for 
washing-coal.    Continued  from  August. 

Coal-Dust  Explosions  in  Collieries.  James 
Ash  worth.  Cass  Mag — Oct.,  07.  6  figs. 
3000  w.  40c.  Discusses  the  influence  of 
water  and  steam  on  coal  dust,  as  illustrated 
in  the  Wingate  Orange  Colliery  Explosion. 

Coal    Mining    in    Michigan.      Lee    Eraser. 
E  &  M  Jl — Sept.  28,  07.     2  figs.      1900  w^ 
'    20c. 

Concrete  Overcasts  in  Coal  Mines.  John 
H.  Haertter.  Eng  &  Min  Jl — Sept.  7,  07. 
6  figs.  3600  w.  20c.  Discusses  the  use  of 
overcasts  in  ventilating  coal  mines  and 
methods  of  construction  and  advantages  of 
concrete  and  steel  over  wood  for  the  work. 

Setting  Timber  in  Anthracite  Coal  Mines. 
John  H.  Haertter.     E  &  M  Jl — Aug.  31,  07. 

5  figs.  4700  w.  20c.  States  reasons  why 
it  would  be  impracticable  to  have  a  special 
timber  corps  instead  of  having  the  props 
placed  by  the  miners. 

Springhlll,  Nova  Scotia,  and  Its  Collieries. 
W.  D.  Matthews.  Can  Min  Jl — Sept.  15,  07. 
8  figs.     2600  w.     20c. 

The  Effect  of  Barometric  Variation  on  the 
Outflow  of  Gas  in  Mines.     W.  H.  Booth.     E 

6  M  Jl — Aug.  31,  07.     1200  w.    20c. 

The  Unwatering  of  Mines  in  the  Anthra- 
cite Region.  R.  V.  Norris.  Eng  Mag — 
Oct..  07.     24  figs.     8000  w.     40c. 

Westphalian  Collieries.  Can  Min  Jl — 
Sept.  1,  07.     4  figs.     3300  w.     20c. 

Compressed  Air  in  Mining. 

Use  of  Compressed  Air  in  Mining.  Jos. 
H.  Hart.  Min  Wld — Sept.  14,  07.  1700  w. 
20c. 

Copper. 

Mining  the  Porphyry  Ore  of  Bingham. 
Eng  &  Min  Jl— Sept.  7,  07.  17  figs.  7400 
w.     20c. 

The  Genesis  of  the  Copper  Deposits  of 
Yerin^on,  Nevada.  E.  P.  Jennings.  Can 
Min  Jl — Sept.   1,  07.      1100  w.      20c. 

The  Ore  Deposits  of  Copperopolis,  Cali- 
fornia. John  A.  Reid.  Min  Wld — Sept.  21. 
07.  2  figs.  2100  w.  Sept.  28.  7  figs.  3200 
w.     Each  20c. 


The  Seven  Devils  and  Snake  River  Dis- 
tricts. George  D.  Reid.  E  &  M  Jl — Aug. 
31,  07.  4  figs.  2000  w.  20c.  Details  of  a 
copper-bearing  section  in  Washington  Co., 
Idaho,  and  Baker  Co.,  Ore. 

Diamonds. 

The  Origin  and  Occurrences  of  the  Dia- 
mond. T.  W.  E.  David.  Min  Jl — Aug.  24, 
07.     4000  w.     40c. 

Economy  in  Mining. 

Economy  in  Mining  Operations.  Thomas 
E.  Lambert.  Min  &  Sc  Press — Sept.  14,  07. 
1300  w.     20c. 

Electrical  Mining  Machinery. 

Fire  and  Explosion  Proof  Electrical  Min- 
ing Machinery.  El  Rev  (Lond.) — Sept.  20, 
07.     3300  w.     40c. 

Unique  European  Electric  Mining  Loco- 
motives. Frank  C.  Perkins.  Min  Wld — 
Sept.  7,  07.     8  figs,     3400  w.     2  0c. 

Explosives. 

Permitted  Explosives  in  British  Coal 
Mines.  James  Ash  worth.  E  &  M  Jl — Sept 
28,  07.     2000  w.     20c. 

The  Detection  of  Mercury  in  Explosives. 
W.  A.  Hargreaves  and  W.  T.  Rowe.  Eng  & 
Min  Jl — Sept.  7,  07.  500  w.  20c.  From 
Jl.  Soc.  Chem.  Ind.,  July  30. 

Fluorspar. 

Fluorspar.  Ernest  F.  Burchard.  Min  Rep 
— Sept.  26,  07.  1600  w.  20c.  Advance 
chapter  from  "Mineral  Resources  of  United 
States"  calendar  year  1906. 

Gold. 

Mining  Conditions  in  South  Africa.  Mines 
&  Min — Sept.,  07.  7  figs.  10.000  w.  40c. 
Discusses  the  average  value  of  ore;  labor 
conditions;  mining  plants  and  methods  and 
costs  of  mining  and  milling. 

Some  Gold  and  Tungsten  Deposits  of 
Boulder  Co.,  Col.  Waldemar  Lindgren. 
Econ  Geol — July-Aug.,   07.      4000   w.    80c. 

The  Essential  Data  of  Placer  Investiga- 
tions. J.  P.  Hutchins.  B  &  M  Jl — Aug.  31. 
07.  2  figs.  2400  w.  20c.  IL  Points  to 
be  ascertained  and  precautions  to  be  taken 
in  the  examination  and  valuation  of  placer 
ground  before  exploitation. 

The  Lordsburg  Mine  Region,  New  Mexi- 
co. Fayette  A.  Jones.  Eng  &  Min  Jl — 
Sept.  7,  07.     2  figs.     2200  w.     20c. 

The  Question  of  RifTles.  Eng  &  Min  Jl — 
Sept.  7,  07.     2  figs.     1200  w.     20c. 

Gypsum. 

Montana  Gypsum  Deposits.  J.  P.  Rowe. 
Mines  &  Min — Sept.,  07.  3  figs.  3500  w. 
40c. 

Metallic  Sulphides. 

Metallic  Sulphides  in  the  TufTs  of  Santo 
Domingo.  F.  Lynwood  Garrison.  Min  & 
Sc  Pr — Sept.  1,  07.     6  figs.     5400  w.   20c. 
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$46,322,092  per  annum 

ii  the  avrraec  annual  increase  in  the  vahtc  of  Canadi.m  maniifaciiireil 
ptoducls  for  five  years.  Just  think  of  the  additional  machinery  required 
every  year  by  Canadiatt  itianufaLturers  tn  kccii  p;ice  wilh  the  eimrmoii* 
industrial  devclopnienls  of  Ihc  country  !  Caiia<la  offers  an  immense 
field  (or  exploitation  l)y  American  Mahera  of  Machinery. 
ARE  YOU  IN  THE  FIELD?  Tlie  best  way  in  is  through  the  advcr- 
li&iiie  columns  of 
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THE    MacLEAN     PUBLISHING    COMPANY,    Limitea 

Toronto 
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There  is  a  reason  why 
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has  a  latter  paid  circulation  among 

Mine  Owners  and  Mine  Officials 

than  any  other  mining  journal 

The  reason  is 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical   Mining  and  Metalliitgy 
Sakao^tioa  Price,  $2.00  per  year  Sanple  copy  on  request 
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Biinemlfl  and  Water  Solntioiis. 

The  Interaction  between  Minerals  and 
Water  Solutions.  Eugene  C.  Sullivan.  Min 
Jl — Sept.  20.  07.  4100  w.  40c.  U.  S. 
Geological  Survey  Bulletin  No.  312.  De- 
scribes the  subject  with  special  reference  to 
geological  phenomena. 

Mining  Methods. 

Hydraulic  Mining  in  Cariboo,  B.  C.  Doug- 
las Waterman.  Min  &  Sc  Pr — Sept.  7.  07. 
4  figs.     ISOO  w.     20c. 

Present  Methods  of  Deep  Alluvial  Min- 
ing. H.  L.  Wilkinson.  Min  Wld — Sept.  7. 
07.     2  figs.      1600  w.     20c. 

Square-Set  Mining  and  a  Modification  of 
It.  Claude  T.  Rice.  Min  &  Sc  Press — Sept. 
21.  07.     1  fig.     2500  w.     20c. 

The  Debris  from  Hydraulic  Mining  in 
California.  Major  William  W.  Harts,  U.  S. 
A.  For  &  Irrig — Sept.  5,  07.  5  figs.  1500 
w.     40c. 

The  Mechanical  Engineering  of  the  Mine. 
Chas.  C.  Christensen.  Eng  Mag — Oct.,  07. 
14  figs.  8400  w.  40c.  A  summary  of 
methods  and  equipment  employed  in  mod- 
ern ore  dressing  and  treatment. 

New  Caledonia. 

New  Caledonia  and  Its  Minerals.  G.  M. 
Colvocoresses.  Eng  &  Min  Jl — Sept.  21,  07. 
6  figs.      2500  w.      20c. 

ifickel. 

Nickel  Mining  in  New  Caledonia.  G.  M. 
Colvocoresses.  E  &  M  Jl — Sept.  2  8,  07.  5 
figs.      4300   w.      20c. 

The  Sudbury  Nickel-Copper  Field,  Onta- 
rio. I.  Ralph  Stokes.  Min  Wld — Sept.  28, 
07.      5  figs.      4000  w.      20c. 


Pjrrite,  Oxidation  of. 

The  Oxidation  of  Pyrite.  Alexander  N. 
Winchell.  Mines  &  Min — Sept.,  07.  1  fig. 
1800  w.     40c. 

Quartz  Mill. 

The  Humphreys'  Quartz  Mill.  C.  E. 
Humphreys.  Min  Rep — Sept.  26»  07.  1  fig. 
1100  w.  20c.  Describes  a  mill  embodying 
the  pounding  principle  of  the  stamp-mill 
and  the  grinding-amalgamating  principles 
of  the  arrastre. 

Reinforced  Concrete  in  Mining. 

Reinforced  Concrete  in  Mining  Opera- 
tions. Joseph  H.  Hart.  Min  Wld — Sept. 
28,  07.      1  fig.     2000  w.     20c. 

Silver. 

The  Cobalt  Silver  Field,  Ontario.  Ralph 
Stokes.  Min  Wld — Aug.  31.  07.  6  figs. 
4300  w.  Sept.  7.  4  figs.  3300  w.  Each 
20c. 

The  Daly-Judge  Mine  and  Mill.  Paul  A. 
Gow,  Andrew  M.  Howat,  George  S.  Kruger 
and  F.  H.  Parsons.  Concluded  from  August 
Mines  &  Min — Sept.,  07.  7  figs.  5500  w. 
40c. 

The  Montreal  River  Silver  Districts.  Reg- 
inald Meeks.  Eng  &  Min  Jl — Sept.  21,  07. 
8  figs.  4300  w.  20c.  Describes  a  new  dis- 
trict 60  miles  from  Cobalt,  covering  an  area 
of  about  80  square  miles. 

Zinc. 

Zinc  Ores  and  Manufactures  Therefrom. 
W.  G.  Scott.  Min  Wld — Sept.  14.  07.  2500 
w.     20c. 
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REFUSE  DESTRVCTIOX. 

Garbage  Disposal  and  Street  Cleaning. 
Alexander  Potter.  Mun  Engg — Oct.,  07. 
2300  w.  40c.  From  an  address  before  the 
League  of  Cities  of  the  Third  Class  in  Penn- 
sylvania, McKeesport.  Sept.   11-12. 

Municipal  Matters  in  Great  Britain  and 
America,  and  on  the  Continent.  1.  W.  Cald- 
er.  Surv — Sept.  13,  07.  2700  w.  Sept.  20. 
3800  w.  Each  4 Or.  Discusses  refuse  de- 
structors used  in  Great  Britain. 

The  Disposal  of  Municipal  Waste.  W.  F. 
Morse.  Mun  Jl  &  Engr-  Sept.  4.  07.  •> 
figs.  5700  w.  20c.  Describes  various  sys- 
tems and  methods  with  special  reference  to 
American  conditions;  high  temperature  de- 
structors; the  cell  and  the  continuous  grate. 

no  Aim. 

Macadam  Road,  Co«t  of. 

Cost  of  a  Macadam  Road  in  Maryland. 
JBii^^-Contr— Sept.  2B.  07.     1000  w.     20c. 


SEWERAGE. 
IMuiiibing. 

Roughing-In  Plumbing  in  Buildings.  J. 
K.  Allen.  Dom  Engg — Aug.  31,  07.  5  figs. 
1700  w.  Sept.  14.  2  figs.  2200  w.  Sept. 
2S.      I  fig.     2200  w.     Each  20c. 

The  Sanitary  Sewerage  of  Buildings. 
Thomas  S.  Ainge.  Dom  Engg — Sept.  21, 
U7.     3   figs.      1300  w.     20c.     VII.     Traps. 

The  Drainage  of  a  Detached  House.  F, 
J.  Deacon.  Surv — Sept.  13,  07.  8  figs. 
ooOO  w.      40c. 

Proper  Sanitary  Fixtures  for  Schools.  Dr. 
Porter.  Dom  Engg — Sept.  7,  07.  4000  w. 
2  0c.  Paper  read  at  the  International  Con- 
gress on   School   Hygiene,   held   in   London. 

August.  li^OT. 

Sewajje   l^riiication. 

Comparative  R^sum6  of  the  Sewage  Puri- 
Hcatiou  Tests  at  Columbus,  Ohio.  George 
\V.  Fuller.    Jl  Assn  of  Engg  Soca — ^Aug.,  07. 

10.000  w.      GOc. 
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Arrhlttfcts*  and  Engineers*  Supplies: 

Buff  A  buff  Co..   Ilonloii.   Man*. 
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li«M»kii,  Archltectnml: 

Wm.  T    Com»toc'k.  'Si  Warren  St..  New  York. 
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Street    Railway  Journal,   New   York. 

l*hunographs: 
Duplox    PhoMOKruph   Co .   3lX'{   Patterson   St.,   KaUunaioo, 
Mirh. 

IMlIng,  Steel: 

Wemllngor  Stool  Piling  Co..  11  Broadway.  New  York. 
Piillslilng  Machines: 

Tanlte  Ci»..  Sfnmd-huig.   Pa. 

I^nch<*s,  Hydraulic: 

Richard  Dudgeon.  *J«i  Columbia  St..  New  York. 
Schools  and  Colleges: 

Armour    institute   of    Toihnology.    Chicago. 
Clark'^on  Srhoiil  of  TochuoloKy.  Potudam,  N.  Y. 
I.iehlgh   I'nlveri^lty,   South   Bethlehem.   Pa. 
Ohio  Northern  rnlvorlty.  Ada.  Uhlo. 
Roue  Polytechnic  ln^tltuto.  Torre  Haute.  lad. 
folTor^lty  of  Mli-hlR.in,  Ann  Harbor.  Mich. 

Signal  Wire: 
India  Rubber  «  (S    P.  Ins.  Co  .  'J-Vi  Broadway.  Now  York. 

Solid  Kmerjr  Wheels: 

Tanlto  Co..  Siroud-bu'g.  Pa. 

Spi'ed  Indicators: 

Tanlte  (\i  .  Strondsbuig.  Pa. 

Steel  IMIIng: 
Womllngor  Stool  Piling  Co..  11  Broadway.  New  York. 

Structural  Steel  Computer: 

Edge  Computer  Sales  .\gonry.  i*-.M  Broadway.  New  York. 

Talking  Machines: 
Duplox    Phoiiograph   Co..  :(iKl  Patterson   St..    Kalamasoo. 
%»lch. 

Tf^sting  I^horatorlcMi: 

Dr.  Peter  T.  Au»ten,  W  Pine  St..  New  York. 
Monadnoi'k   Laborrttnrie*.  Chicago,  HI. 

Time  StanifM: 
Automatic  Time  Stamp  Co..   Ktl  Congrew  St..  Boston.  Mats. 

Tube  Kv panders: 
Richard  Dudgeon.  'M  Columbia  St..  New  York. 

Vanadium : 
Vanadium  Allovs  Co..  :ri  Broad  9t..  Naw  York. 

Wire,  Insulated: 
India  Rubber  A  a  V.  \tv*  Co  .  "S:^  iaxt«A'»%i » "S^va  X«<^ 

Wood-VCoi^etiC  T«ffA»\ 
TanUe   Co..   S\TOU^%'^utu.  V%. 
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The  Uie  and  Abuse  of  Sewage  Purifica- 
tion Plants.  A.  Elliott  Kimberly.  Surv — 
Aug.  30,  07.  5200  w.  40c.  Paper  read 
before  the  Ohio  Engineering  Society. 

WATER  SUPPLY. 

Artenlan  Wells. 

Water  Supplies  by  Means  of  Artesian 
Bored  Tube  Wells.  Herbert  F,  Broadhurst. 
Water — Sept.  16,  07.     2  figs.     3200  w.  40c. 

Manila's  Water  and  Seweraise  System. 

The  New  Water  and  Sewerage  System  of 
Manila.  P.  1.  Eng  Rec — Sept.  14,  07.  6 
figs.     ,2S00  w.     20c. 

Purlllciuioiv 

Direct  and  Indirect  Methods  of  Electrical 
Purification  of  Water.  Henry  Leffmann.  Jl 
of  Franklin  Inst — Sept.,  07.  5  figs.  2500 
w.     60c. 

Examination  of  Water  Purification  Plant 
at  Owensboro,  Ky.  Philip  Burgess.  Eng 
Rec — Sept.  28,  07.     2  figs.     1900  w.    20c. 

The  Circular  Tanks  at  the  Lancaster  Fil- 
tration Plant.  Eng  Rec — Sept.  14.  07.  5 
figs,     1400  w.     20c. 

The  lX>velopment  of  Mechanical  Filtra- 
tion. Robert  E.  MiUigan.  Water — Sept, 
16.  07.  3  ftgs.  oSOO  w.  40c.  From  a  pa- 
per read  before  the  Western  Society  of  En- 
gineers. 

The  Water  Purit^oatlon  Plant  of  Harris- 
burg.  Pa.  Man  Kngg — Oct.,  07.  9  figs, 
4000  w.  40o.  IVscribes  the  operation  of 
the  filters  and  upimratus  used. 

Saft%^uiiiK  Plaut. 

McKeesport's  Water  Softening  Plant. 
Muu  Jl  <&  Kugv  Sept.  4.  07.  5  rts».  4500 
w.  30o.  lV»oril»os  the  I0.000.00v>-gal.  mu- 
uidi^l  plauc  now  under  cou»(ruo(ion.  the 
causUo  Ume  and  HiKla  a^h  priuvas  u:»ed.  pro- 
visUm  made  Uh  varbouatlug  auvl  other  de- 
tail* o(  proves*  aud  wustvuvtiou. 


Stream  Pollution. 

Court  Decision  against  the  Pollution  of  a 
Brook  in  Dracut,  Mass.,  by  the  American 
Woolen  Co.  Eng  News — Sept.  5,  07.  4300 
w.  20c.  Gives  text  of  a  sweeping  court 
decision  regarding  the  discharge  of  wastes 
from  a  woolen  mill  into  a  small  stream. 

Some  Relations  of  Stream  Pollution  and 
Water  Purification.  Charles  C.  Brown. 
Mun  Engg — Oct.,  07.     1900  w.     40c. 

Valuation  of  Plants. 

Valuation  of  Water-Works  Plants.  Mun 
Jl  &  Engr — Sept.  11,  07.  2400  w.  20c. 
From  a  paper  read  before  the  Wisconsin 
League  of  Municipalities,  by  Charles  R.  Bur- 
dick,  showing  methods  used  by  appraise- 
ment boards  for  determining  physical  value, 
going  value  and  franchise  value  and  the 
probable  life  of  water-works  structures. 

Water-Testing  Laboratory. 

Laboratory  of  the  New  York  Board  of 
Water  Supply.  James  L.  Davis.  Mun  Jl  & 
Engr — Sept.  18,  07.  6  figs.  2800  w.  20c. 
Describes  the  physical  testing  of  cement 
and  concrete  by  tension  and  compression; 
permeability;  tests  of  agg^regate;  chemical 
laboratory;   soil  analyses. 

>USCELLANEOUS. 

London  Sanitary  Law.  Administration  of. 

Administration  of  Sanitary  Law  in  Lon- 
don. John  Lawrence.  Surv — Aug.  30,  07. 
3000  w.  40c.  Paper  read  at  the  summer 
meeting  of  the  Institute  of  Sanitary  Engi- 
neers, at  Margate. 

ManicifMU  Use  of  Patented  Articles. 

Municipal  Use  of  Patented  Articles.  James 
M.  Head.  Mun  Jl  &  Engr — Sept.  4,  07. 
2S00  w.  20c.  A  consideration  of  present 
stacus  of  supreme  court  decisions  and  legiS'' 
latlve  enaccmencs  affecting  patented  articles 
for  public  improvements. 
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Aii!»tralia. 

The    KiiUWiiv^    oC     ViMivrttui        V  IMuac 

IVsvhauel.  v>e«io  v'lsU     Sopi     .V  Oi.  .'   rt«ts. 

6000    w.      Scpl      l»        I    »»;        r^KH^    \s  K.ish 
*^0c. 

Cost       KlVl»lU<      oil       U^l!^^''»^l      V  \«tl  i-  l    j  .  1 '..•'• 

Eui;^-v.Vmr      SvU't       '•' 


0  ■ 


l\^'««     w 


:\\ 


07.      -'   liiis.      {  MU»   w       ^\}k\      \.     VloUviai  ait 
uailou. 


MexkxK 

TbLe  KaK  roads  of  Mexico.     Erdis  O.  Rob- 
!u>«.*u      K  K  Qdkz — Sept.  13.  07.  5  figs.  2500 
l.ovdtion   .ind   Const mction.      Sept.    20. 
.•  >*       Ovvr-jiaon.     Each  20c- 


b'^/.vvi-w    Kdiinjad    Building    with    Fill- 
'.►:"v*   :ji>orvrTj.      K  K  Gaz — Sept.  20,  07.     2 


<  ) 


:.»•-' c. 


V.—!!  <    N>w    Line   from   Jasper, 
•'-■■y.  ■.:,:<      R  R  Gaz — SepU  6.  07. 


*«:    ,   -v    'j.^  ^'^?avi!^«  of  the  Western  Pa- 
iK    xi    ^-i  i.N       Oeor^e  P.  Low.     Eng  Rec — 
>vi»i      >     '•       :\  d^w.     3400  w.     20c. 
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^  If  inlCTcsted  in  any  phase 
of  the  steam  railway  business 
Mod  lor  a  sample  copy  of 

L«ading  Railway  Journal 
ol  the  World 

After  you  have  read 
it  you  will  under- 
stand why  a  sub- 
scription is  necessary 
if  you  are  to  keep 
fully  posted  on  rail- 
way progress. 

The  Railway  Age  is 
published  evoy  Friday. 
Suhscriplion:  United 
Slates  or  Meiico,$4.00; 
Canada.  $3.30:  Postal 
Union  Countiies,  $6.00 
Sample  copies  free  on  request 

THE  WILSON 
COMPANY 


160  Harrison  Street 
CHICAGO,  rLUNOIS 


1 M)  Nu«u  Si^E  W  YORK 


1S29    WUIiuuBD    Btiil<lio| 
CLEVELAND.    OHIO 


Nolo  From  the  Diary  of  the  Adyertia- 
ing  Man 

MoDvy  lti\DHii'd  Id  aUrtTtliilne,  11ti<^  oibor 
iDvpBtroontii,  on  be  foollahly  dtiwlpatvd  or 
wl»*lr  expended.  Tbo  penUtent,  pNtlont  ad- 
v<>rtl>«r  who  has  lomptblDK  to  m;  and  who 
Esnys  It  BtrlklDgly  will  aitrkct  attention  and 
bring  reauliii.  Tbo  pluniprr  who  wMttts  apaca 
In  extravagiuit  and  hackneyed  aaseittona  mar 
ulKu  Btiract  noiico  for  a  ttnie,  but  will  not  la- 
vlte  the  ronffdenc*  or  Itae  trade  ot  the  reader. 
— ■'•New  York  TItnea." 

Penlatenra  la  tbe  rauodaUon  atone — the 
absnliitn  eiwpntlBl^ — «r  all  surrwaatul  adtertta- 
Ing.  The  Hrra  tbat  udveriliMta  tbla  muntb  and 
fltaya  out  next  month  runs  a  poor  ctiann  o[ 
iiiHkIng  a  dlatltictlve  Impruaaton  on  TBCUNI* 
CAL  UT^KATunit  ro«4«r«.  It  doaan't  mat* 
ivT  when  you  begin  lo  advertise.  It  does 
mutter  a  gTeal  dral  to  rou  bow  long  you  con- 


Tbn  Drma  that  advertlae  are  the  live  onaa. 
Some  ot  them  are  long-astablialied;  aonie  arff 
new  and  BtruKglloK  'or  reputation  and  irada^ 
Same  are  large:  manjr  are  amolL  But  all  ot 
them  ar«  alive;  prosreaajva:  looking  forward, 
nnl  backward;  growing,  not  declining.  Ad- 
vprtlfllng— -aenslble.  reaaonable.  peralateai  ail- 
vt-rilslng — la  a  sure  aign  of  buatneaa  life. — 
Nugent. 

It  we  could  Ihlnk  quite  analytlcallr  and  Ma 
Die  adrertlaement  aa  It  la,  and  aa  a  thing  In- 
dependent ot  Its  environment.  It  might  bo  prof- 
itable to  place  our  advertlBenienta  oo  garbage 
boae*  and  In  cheap  and  dlarrputable  publlca- 
itona.  Aa  we  are  const  ructed.  however,  auch 
A  course  would  be  suicidal,  even  for  a  boosa 
drallDg  In  disreputable  and  ch^ap  arllcloa. 
The  medium  iclvei  a  tone  at  Ita  own  to  all  tba 
adrertlsem^nla  contained  In  II.  I  tiwl  Inclined 
to  reaped  any  arm  that  advetUaea  la  a  hlgh- 
ctaas  magailne.  unless  thara  la  some  par- 
ticular rcaaon  to  tba  contrary,  a&d  wllUag  to 
trust  to  Ita  hoaaaty. 

"Nothing  axeapt  ttia  mint,"  aald  Mr.  Glad- 
■lone,    "oaa    maka    moaer    vltbont    advartla- 

ing." 

"Spaamodle,  or  aporadlc.  advertlalng  la  good 
■  bile  it  iaaU.  Bat  It  aeems  to  Imply  wboii  It 
>iop«  that  the  article  offered  baa  atoppad. 
ioii_" — "I'tiniara'  Ink." 
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MANA(iKMKNT   AM>   OPKllATION. 

<7i)-<i|M*riitlon  of  Mfrhanlcal  and  Ofieratinff  De- 
lia rtiiu*tiUi. 

Co-opcnitlon  botwoon  the  Operating  and 
Merhanl<al  DepartineiitH.  L.  A.  W.  Wheat- 
h\v.  Am  KiiKr  &  U  U  Jl— Sept.,  07.  1200 
w.  4  Or.  OlvoH  KiiKv;eHtlonH  for  decreasing 
(ho  roKt  or  1o(*omotiv(>  repairs. 

llHiitllliiff  Traliiiiieii. 

Handling  Trainmen  at  Knoxville.  St  Ry 
Jl  Srpt.  II,  07.  I  flgs.  1000  w.  20c. 
Contains  reproductions  of  forms  such  as 
train  orders,  inspectors'  reports,  discipline 
reports,  etc. 

I'OWKH  AXI>  KCjriPMKNT. 

(JMNitllne  Motor  TarN. 

nasollne  Locomotives  and  Motor  Cars. 
Kng  News  Sept.  5.  07.  2  flgs.  2200  w. 
20c.  Uoscrihes  light  cars  for  branch  line 
servict*  and  for  contractor's  use. 

lioniiiiotlvtHi. 

A  Note  on  Compotind  Locomotives.  M. 
Maurice  IVmoulln.  Kngr  Aug.  30.  07.  2 
llgs.     SiJOO  w.     -lOc.     Conclusion. 

Hrttish  4-CyHnder  Locomotives.  Charles 
S.  U»ko.  Ky  Age  Sept.  27.  07.  6  flgs. 
2:»00  w.      20c. 

Kliminatlng  Smoke  with  Locomotives 
Hu ruing  Soft  Coal.  Kng  News — Sept.  19. 
07.  ^2\kH^  w.  20c.  Abstract  of  a  report 
pivsented  at  the  annual  meeting  of  the 
Traveling  Knglncers'  .Vs^siviation.  Chicago, 
S^H^tomlHM*. 

K\prt^s8  rass'engor  Kngine.  Midland  Kail- 
way.  The  Valve  i»ear.  Kngr  iLond.^-- 
Sept.  20,  07.  10  !\gs,  ISOO  w.  40c.  Ot^ 
scribes  a  ueu  \al\e-goar  which  gives  a  valve 
nu^xemout  and  steam  distribuTiou  identical 
wi;h  Stephenson's  e\\vpt  as  regards  the  lead, 
bus   \^i:hout  «v\'^unr\cs. 

\i*x*ds  l.^vomoTlve  for  the  Lancashlrt^  and 
YorksV.nv   Ka';;w;»>        Kugg       Vug     2S.    07.    S 

Hot  Water  lUM*er  Wa^ihiug  K>  J&  Kngg 
Kcx  St^rt  T.  o:  :*^0i^  w  :N\-  Vbs:ratt 
*^f  i\»v.'.:v.':;tv  K«^',v. :  w^  Tvaxe'irg  Kng:- 
nec'.s     Vs>*v'.,x:'.er. 

'.  *s  or. •  *s •. X o  \* V.a :n \ ; c *. ' > '. ; >  v* i: v x ^^s  .1  v i 
Cvi\x;.-.a       Kx    MM       S*.^*.         '        >  C.cs     *.  i  .•• 
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Superheated  Steam  and  the  Best  Method 
of  Getting  Good  Results  when  Engines  are 
in  Service  on  Trains.  Ry  &  Engg  Rev — 
Sept.  9,  07.  1000  w.  20c.  From  commit- 
tee report  to  Traveling  Engineers'  Associa- 
tion. 

Superheated  Steam  Locomotiyes  in  Ger- 
many. Mech  Engr — Sept.  14,  07.  6  flgs. 
2600  w.  Sept.  21.  8  flgs.  2600  w.  Bactr 
40c. 

The  I^ocomotives  of  the  Atchison,  Topeka 
&  Santa  Fe  Railway.  Engr  (Lond.) — Sept. 
13,  07.  14  flgs.  2200  w.  40c.  Gives  de- 
tails of  the  various  types  used  by  this  road. 

The  Waste  of  Energy  in  Railroad  Opera- 
tion. D.  C.  Buell.  Ry  &  Engg  Rev — Sept 
7,  07.  2600  w.  20c.  Abstract  of  paper 
presented  before  the  Traveling  Engineers' 
Association. 

Rails. 

Wheel-Loads  and  Rail-Weights.  H.  S. 
Hodgins.  Cass  Mag — Oct.,  07.  11  figs.  2300 
w.  40c.  Discusses  the  effect  of  increased 
wheel-loads  and  shows  how  the  weight  and 
section  of  the  rail  has  been  increased  to 
meet  the  demands  upon  it. 

Shops. 

Car  Repair  Shops  at  East  Decatur,  Wa- 
bash Railroad.  Ry  M  M — Sept..  07.  28 
flgs.      3200  w.     20c. 

New  Frisco  Shops.  Ry  &  Engg  Rev — 
Sept.  7.  07.  19  flgs.  4300  w.  20c.  De- 
scribes new  repair  shops  under  construction 
at   Springfleld.   Mo. 

The  New  Springfield  (Mo.)  Shops  of  the 
Frisco  System.  Ry  Age — Sept.  6.  07.  14 
fig^.      4400  w.     20c. 

The  Frisco  Shop  Proposition.  Ry  &  Eng 
lU^v — Sept.  14.  07.     14  figs.     5300  w.     20c. 

SigiuUiiiK. 

Railway  Signaling.  J.  B.  Struble.  Elec 
Jl-    Sep!..   e7.      10  figs.      3500  w.      20c, 

S<*vl  Cjirs. 

Al'.-Suvl  Pa&senger  Cars.  Pennsylvania 
K;ii:ro;ul  IT.  Ry  M  M — Sept..  07.  S  figs. 
I  \v<'  w.     i:t;to 

rormin-*l»i. 

Ar.'.cru/*::  K.\;*.way  Stations  and  Plat- 
:o  V.  s  Pr  r.-.v.n:  and  E.  Giese.  Z  V  D  I— 
S;  .  .     "     ."       ■>  £i??.     5«>C'0  w.     60c. 

r  vv-^><v.  ::v.vroven:eni  of  Passenger  and 
>-;  ^  .  .--•.■.  :r..*.:s  a:  Buffalo.  Ry  &  Eng 
K;^        \    c       :.    ::.     4   3g*       3300  w.     20c. 

\  ■  V  v'  o  ■ '. .  r;' :  c-5 : ee *.  Ties.  Ry  a  ge — 
Sc-  .     .'  '       r    *.;:>       live   w.      20c.      De- 

s.  •  . :  s  .\  ,v:  .>v^  ":  7^  of  Tie  now  being 
;is..-.',    /■       .  c     A  ;.'z    Ani    Ptn?    M:irquette 

<;,'    ■■    >  -rr   .ry.      N.   C.    A     Hoar- 

*:vsV.v.  :'.  .\  »•-.•:  ^^^i":.  -T.  "T,  4  figs.  1>00 
»  iVv  ,  >  -.w=i  .-.T^, :,p::oa  of  x:e#  used 
ji>\\\ftd.   ^:.>.    v-^^^i-'.-oiL*   zoT  obijiixnng   best 
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Tins  Cl'T  <ihows  the  only  <loiibIc  pitmp  Hydraulic  Jack  of 
this  form  on  the  niarkci.     This  Jack  is  operaled  in  the  usual 
way,  excepting  that,  when  both  pumps  are  oac<I.  the  valve 
handle  must  be  turned  to  tlic  left ;  when  one  pump  only  is 
used,  it  must  be  tumcil  stmight  downward.     The  lowerinjt  i«  done 
by  tuniini;  the  valve   handle  to   the  right  or  by  using  the  lever  in 
the  ordinary  manner. 

RICHARD     DUDGEON 


Inretttor,    Falenlte   and    finffinal    MnttHt'irltirrr 
KROOME   AND   CULUMBTA    STItPIKTS 


Hylrnuhr    J,trk. 
XKW    YOItK 
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Rea-Watsr— Wtnd  PrM»um— Bffaol  of 
He«t  on  R»lnforccil  Cone  rate— Bob- 
bln]|«:  A  Rslatlvniy  ttafa  Kzploalv*— 
Eiprrlmenti  on  W In d-rowar— Steal 
Hardeninc     by     Clrrlrlclly  —  Trmnt- 

ot   Blemmu ....309-jno 


BOOK  DKPARTMENT: 
SeldcM'a    "SolnbUIIiaa"— Raytow.. 


INDUSTRIAL  ENOINKKRINO: 
A    Record    of    tirw    Toola,    Proe«a» 

Ualerlali  and  Appllaneea 

Tr*"!.-  CutflloRun  and    pBinphlali 
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TumUkUlvn, 

Modern  Turntables. — 1.  Ry  Age — Sept. 
in,  07.     10  Hkh.     2600  w.     20c. 

HTIiKKT  AND  KLIOCTKIC  IIAILWAYS. 

]lriik<*i«,  T4*MlN  of. 

Tho  Tt'HtlnK  of  Tramway  Brakes.  W. 
I»urk.  Tnim  &  Hy  Wld— Sept.  5,  07.  1100 
w.     4  Or. 

Cur  T««MtM. 

Morviro  ToHtH  on  Columbus  City  Cars  Op- 
oratod  SluRly  and  in  Two-Car  Trains  with 
MuKlpb*  Unit  Control.  St  Uy  Jl — Aug.  31, 
07.     :S500   w.     20<\ 

<^irn»nt  CNilU»rt«r,  Ovi'rtiond. 

A  Now  DohIku  of  Ovorhead  Current  Col- 
loolor.  Kl  Uy  Kov — Sopt.  7,  07.  2  figs. 
600  w.  2 Or.  noHcrlboa  a  now  current-col- 
loot  Ing  dovloo  whloh  glvos  a  larger  contact 
mirfnoo  than  tho  ordinary  trolley  wheel  and 
ovoroon^^H  ono  of  tho  dofoots  of  the  ordinary 
HlldUm-bar  systom. 

KlootrloHlly  Koiilpptnl  Hoa«lH. 

Klootrlo  Trnmways  In  St.  Potorsburg.  El 
RngK      Sopt.   12.  07.     a  figs.     2.000  w,    40c. 

lin^rtt  WoNtorn  Unllway:  Klootrlc  Power 
and  Llghiing  and  tho  Klootrilloatlon  of  the 
Uammorsmtih  and  City   Uallway.     Kl  Kngr 

Auk.  2:i.  07.  i  t\KJ».  2t»00  w.  Aug.  30. 
»  rtg*.     IMiOO  w.     Kaoh  40o. 

Mttuoho^^or  iKuglaud)  Cor^H^ration  Tram- 
wax*.  Tram  Ji  Uy  Wld  Sept.  5.  07.  27 
rtji5»*  ^tiOO  w.  40o.  .\u  oxhaudtlvo  account 
of  Ou»  o\.|H*rlmout  and  method*  of  o^^eratlon 
of  thi*  oxtonslvo  tramway  systom. 

Tho  tu^tallation  of  Kloctrlc  Traction  on 
I  ho  Now  York  Tormina  I  Station  of  tho  Now 
Ha\o«  UallnvAd.  Kuji  Nows  ^>pt.  5.  07. 
li  rtji*.  I  TOO  w.  *0c.  Ol\os  a  dt^criplton 
of  tho  ovorho<»d  construction,  tho  looomi>- 
itxxv*  and  iH>^vr  station. 

Vho  V»*aUa  KUvtrlc  UaUway.  Arthur  H. 
Uallorax)  M  of  Kl  P  «  Oa*  Aujt  S\.  07, 
^  rtjtTSt  .:u>\>  ^  JOc.  lVsonN>*  tho  siwjt*'!^ 
|\ha«io.  llfttvu  c>  V lo.  .^ . S 00-\ o*.t  r* '.? wa.\  now 
tHNar^UjC     \-\>v.*.pU^uv.\     hot>ft«v;i     \isa',ta    and 

^5ji: .»'  \  X  V: V -.v '  is5  Ca rs  ox\  ;^  arid AT\i « 
Ti^VsCV     KA*/»:t^^       '.V       v*('.\\»     i»rAdcr,>»;:5 

•.■    .\  «N/  •      V'  .•', .:     ^.r      ^>     :  •       •    ^i> 

..    ;       ^        t    ,        '.*  >v    vv.\>    »■•»*••>..     ..  ,..•'.'    f- .• .'. 
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I*Yeight  Traffic. 

Expansion  of  Electric  Freight  Traffic.  A. 
S.  Atkinson.  Ry  &  Mar  Wld — Sept.,  07. 
1300  w.     40c. 

Performance  Records. 

Records  of  Parts.  El  Tr  Jl — Sept.  5,  07. 
14  figs.  700  w.  20c.  Describes  a  system 
of  keeping  mileage  performance  records  on 
individual  parts. 

Power  Plants. 

Long  Island  City  Power  Station  of  the 
Pennsylvania  Railroad  Company.  No.  1. 
Engg — Aug.  30,  07.     13  figs.     4800  w.  40c. 

Power  Plant  of  the  Antwerp  Railway.  F. 
C.  Perkins.  W.  Elecn — Sept.  21,  07.  6  flgs. 
1800  w.     20c. 

The  Hochelaga  Power  House  of  the  Mon- 
treal Street  Railway.  Can  El  News — Sept., 
07.     4  figs.      2500  w.     20c. 

Rail  Bonding. 

Contact  Resistance  in  •Connection  with 
Rail  Bonding.  St  Ry  Jl — Sept.  14,  07.  7 
figs.  2200  w.  20c.  Discusses  contact  re- 
sistance with  special  reference  to  compres- 
sion bonds. 

Railway  Motors. 

1.200-Volt  and  Commutating  Pole  Direct- 
Current  Railway  Motors.  E.  H.  Anderson. 
El  Ry  Rev — Sept.  28,  07.  1  fig.  2300  w. 
20c.  Read  before  the  Central  Electric  Rail- 
way Association.  Columbus,  O.,  Sept.  26. 

Regeneration  of  Power  with  Single-Phase 
Electric  Railway  Motors  William  Cooper. 
PrvK  Am  Inst  El  Engrs — Aug.,  07.  9  figs, 
S400  w.  SOc.  A  paper  read  before  the 
American  Institute  of  Electrical  Engineers, 
Niagara  Falls.  June  28. 

RoctHi»tmrtioB  of  Elerated  Road. 

Roc\^n$t ruction  of  the  South  Side  Elevated 
Railroad.  Chicago.  El  Ry  Rev — Aug.  31, 
07.     lifts*.     27vO  w.     20c. 

Tr.iick  Circuit  Signaling  on  Electrified 
Kxv^ds.  I..  Fr^eric  Howard.  Proc  Am  Inst 
K:  Kr.jirs— A'.:g..  vT,  11  figs,  4500  w.  SOc. 
A  rji;vr  rvjii  ^e!o^e  the  American  Institute 
of  VT^v'.T-.vi:  Fi:*:;~e^rs.  Niagara  Falls,  June 


TtflK-l., 


■^A,i    0.^~*:r■-criv'»a    at    Milwaukee. 

k  ^   ;:.  :t.    *  Cgs.   too  w.  20c 
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THE  MANUFACTURE  OF  FILES 


CONDENSEiD    FROM     •MACHINERY* 


BImnklDK  AQd  Forging. — The  raw  material 
received  comes  In  various  forms,  generally  of 
the  exact  shape  of  the  "amid-shlps"  section  of 
the  file.  In  a  few  cases  sheet  stock  is  used  for 
thin  flat  files  of  various  forms  and  uniform 
thickness.  These  are  punched  in  blanking 
dies  under  a  punch  press.  For  half-round, 
round,  square,  barrette  and  other  styles,  stock 
of  appropriate  shape  is  cut  in  the  shears  to  the 
proper  length.  From  here  it  is  taken  to  the 
forging  department.  A  furnace  stands  at  the 
aide  of  each  smith,  and  a  very  small  and  incon- 
spiciioas  affair  it  is.  A  fire-brick  lining  in  an 
Iron  casing  with  four  legs  to  stand  on,  with 
piping  and  burners  for  gas  and  air.  is  all  there 
appears  to  be  to  the  apparatus.  The  furnaces 
are  quite  small,  being  only  Just  wide  enough 
for  the  length  of  the  files  being  heated.  The 
nalformlty  of  the  temperature  throughout  the 
whole  area  of  the  furnace  is  remarkable,  there 
being  no  difference  visible  to  the  eye  In  color 
aoywhere  within  the  heated  area.  The  first 
operation  Is  the  forming  of  the  tang.  Then 
the  blanks  are  reheated,  and  worked  to  the 
proper  shape  under  dies.  The  face  of  each  die 
la  made  In  three  sections.  That  on  one  side  of 
the  die  is  used  for  breaking  down  the  stock,  that 
OB  the  other  side  for  bringing  the  edge  of  the 
stork  to  approximately  the  right  dimension, 
while  the  central  section  is  used  in  forming 
the  sldca  or  faces  of  the  blank.  The  workmen 
handle  theee  with  great  rapidity  and  dexterity, 
ehnnglng  the  work  quickly  from  one  side  to 
the  other,  and  back  again  to  the  middle,  turn- 
lag  and  re-tuming  the  blank  until  it  is  formed 
to  the  ahape  determined  by  the  dies.  It  Is  im- 
possible  to  form  some  shapes  correctly  under 
the   power   hammer.     The    barrette.   and    the 


point  of  the  half-round,  for  Instance,  have  to 
be  finished  by  drop  forging.  The  former  shape 
of  file  is  struck  up  from  a  round  blank.  The 
amount  of  scale  found  around  the  hammers 
and  drop  presses  is  very  small — an  indication 
of  the  non-oxidizing  quality  of  the  flame  In  the 
gas  furnace.  Each  workman  has  a  private 
supply  of  cool  air  from  the  pressure  service 
which  he  can  direct  on  himself  in  whatever 
way  best  suits  his  convenience  and  comfort. 

Annealing. — This  is  the  next  operation  after 
the  forging.  One  might  expect  from  the  im- 
portance of  this  part  of  the  work  to  find  elab- 
orate precautions  taken.  One  would  suppose 
that  the  blanks  would  be  packed  with  char- 
coal in  cases  having  covers  luted  with  fire- 
clay: such  precautions  are  generally  consid- 
ered necessary  to  get  even  heat  and  freedom 
from  oxidation.  Nothing  of  this  kind,  how- 
ever. Is  seen.  The  blanks  are  packed  in  the 
furnaces,  unprotected,  exposed  to  the  direct 
action  of  the  flame.  The  precaution  of  pack- 
ing them  with  the  tangs  outward  and  the 
points  inward  is  taken,  but  otherwise  the  metal 
is  not  shielded  in  any  way.  The  flame  is  light- 
ed and  kept  going  at  a  temperature  of  1,600* 
P.,  for  about  four  hours,  ordinarily;  then  (the 
doors  being  carefully  doeed)  the  work  Is  al- 
lowed to  remain  over  two  nights  and  one  day. 
until  it  Is  perfectly  cool.  There  is  a  very 
slight,  thin  scale  resulting  from  this  heat 
treatment,  but  no  pitting  or  corrosion.  What 
little  scale  there  Is  comes  from  air  which  leaks 
in  during  the  cooling  process,  the  flame  Itself 
being  absolutely  non-oxldislng.  It  would  be 
difficult  to  find  a  better  commercial  test  of  the 
excellence  of  the  fuel  gas  process  used  than 
this. 


X>i 


Mxfi 


TECHNICy\L   LITERj\TURE 


Tlia  uulfarmltr  of  Knueallns  obtalued  Is  the 
rwtiilt  of  ih*  fulfillment  of  Mveral  etinple  con- 
(llttani.  Thera  must  tw  a  conitant  quality 
urcMiira  anil  amount  of  gai.  bdiI  a  cooatant 
(iraaaur*  and  volume  of  the  air  mixed  with  It, 
With  theie  mixture!  determined,  the  nature  of 
the  flame  and  the  temperature  will  be  oonetant. 
Toil  muph  cannot  tie  uld  about  the  comt>OBl- 
tlon  iif  thn  flame.  Thn  vaourUud  nai)hlha  used 
la  tree  from  Injurious  elements,  such  as  sul- 
phur, and  la  provided  with  a  allKht  under  8ui>- 
|ilr  d(  oxyiteii,  so  that  there  Is  no  danger  of 
that  element  comblnluK  with  the  metal.  The 
rurnacD  must  bo  no  built  that  the  heat  la  evenly 
dlNtrlbulud  throuKhout  the  whole  of  the  In- 
terior. ThH  nie  on  the  bottom  of  the  Dlle 
ttiuat  lie  healiiil  undvr  tho  iinme  conditions  as 
the  ana  at  ibe  lo|i.  The  ends  and  aides  of  the 
rurnnoe  muMt  oaoh  be  aubjoct  to  exactly  the 
same  iloKron  of  heal.  With  these  points  care- 
fully Ifloknd  out  tor,  and  with  tho  matter  of 
(Iniv  of  ex|iuaure  to  the  heat  attended  to.  It 
only  rwmalns  to  provide  tho  proper  steel  to 
he  able  to  Ret  Ihv  aume  r«aults  day  In  and  day 
out,  In  Itie  anuMllUK  of  flin  blanks. 


Grinding  and  Stripping. — In  Order  to  form 
eharti  teeth  ol  unlForm  beight.  It  la  OMxeBary 
to  provide  a  smooth,  even  surface  to  sturt 
with.  To  produce  this  surface  the  blanks  are 
nrsl  ground  and  then  draw  filed  or  "stripped." 
The  files  with  Bat  cutting  surfaces  have  them 
ground  on  automatic  machlnea.  X  near  view 
of  one  of  these  machines  Is  shown  in  Fig.  I. 
Al  B  is  a  grindstone  of  large  diameter,  re- 
volved al.  suitable  speed  and  traveraed  slowly 
back  and  forth  by  a  cam,  to  equatlie  the  work 
across  Its  face.  The  files,  shown  at  A.  are 
ranged  In  a  row,  with  suitable  backing  and 
supports,  on  the  flat  plate  or  holder.  C.  This 
frame  or  holder  Is  propped  la  a  vertical  posi- 
tion in  slide  D,  and  pressed  up  against  the  face 
of  the  revolving  grindstone  B  by  the  rollers  B 
and  the  adjusting  screws  operating  them.  The 
mechanism  which  reciprocates  slide  D  up  and 
down,  so  that  the  blanks  are  ground  from  oae 
end  lo  the  other,  is  then  started.  In  the  ma- 
chine shown  this  motion  la  operated  by  an 
Juatable  crank  at  the  top  of  the  machine,  c 
nected  to  crossbead  C.  The  matter  of  grinding  , 
a  frame  full  of  blanks  is  one  of  a  few  atrokea  ■ 
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■nd  ■  fpw  ■Mondi  aa\y.  The  whc«1ti  used  ttre 
Br*  or  six  te*t  la  dlftm#(«r.  mid  moaai  ar«  pro- 
•  iilrd  In  lb*  machlnt-  tor  kipping  ihptn  con- 
■UBlIr  iruMl, 

This  machlns  KrlnillnK  la  done  on  Oct  sur- 
tmiom  oBly.  On  round  lurtMrni  iti«  grlndltiB  la 
*o««  bj  b«Dd. 

Tb*  rartaoe  produced  hy  thla  Kiindlnit  Ib 
mot  qvit*  cood  •noufh  for  ttke  purpose  desired, 
10  tb*  SotohlDK  taaci)**  *m  Klven  bjr  dntw 
fillas  or  "sirlpplBi."  Both  flat  and  round 
■KrfBC^  AT*  BnUhvd  In  Uila  way.  and  nil  burrs 
kr*  ivmoTad  rrom  mIkm  and  cornere.  The 
mma  work  at  ImdcIimi.  wltb  the  btanka  sup- 
ported  br  tbclr  voda  In  wooden  blocks.  For 
atiippJac  Sat  aarfaoaa,  a  new  macbtne  has  r«- 
cBBtlr  been  Introduoed.  One  of  tbeae  ta  shown 
la  n«.  3.  TiM  blanka.  B.  are  held  In  sullatile 
haitmw*:  Tkeae  boldera  are  preaaed  upward  br 
Wwn  «Bd  wadchta  M^nat  tbe  cutting  Blra  K. 
ta  mta*  D.  Ttala  ilMe  l»  moved  In  and  out  tor 
tW  •Irak*.  belBs  cnrrted  br  aaddle  U.  which 
•Ud««  aloai  wars  on  the  under  ildi^  ol  over- 
h&aslB(  amw  K  H.  It  (•  also  traveriiMl  back 
and  torth  to  dUirlbut*  tbe  action  over  tbe  full 
li«ctb  <rf  tbe  cattlDR  fllea  by  a  drunken  screw 
at  P  Tbe  work  U  relieved  ttom  contact  wltb 
tbe  fllee  on  tbe  back  atrohe.  It  nilRht  be  ex- 
fiKtad  tbat  It  would  be  a  matter  ot  aome  dlRl- 
riltr  to  arald  "ptnnlni"  In  a  rase  o(  thla  aort. 
Thla  la  sot  oflen  met  with,  howc-ver.  In  tbe 
tret  place  tbe  fl)«e  are  made  eperlaUy  tor  Ihe 
porpoee.  wltb  plenty  ot  clearaniv.  Beeldoe 
tUa.  tbe  preaanre  on  tbe  work  Is  unvarlable, 
belD<  determined  br  the  wflithta  and  lovers 
■isUoned.      A   workman,  even  Ibouih  exi>ert. 
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mlght  momentarily  use  mure  preasure  than  be 
ought  to  on  bta  file  so  as  to  c*us«  It  to  tear 
the  steel  and  net  tbe  broken  partldas  wedsed 
or  "pinned"  In  tbe  teeth.  With  a  macblne. 
having  once  found  tbe  condition*  neee— ary  to 
avoid  Ihts  trouble,  these  conditions  mar  ba 
prmerved  Indenaitelr,  ud  Ui«  troubia  pne- 
Ucally  avoided.  When  It  does  ooenr,  perhapa 
once  a  day.  Ihe  blank  tbu>  Injured  has  to  b« 
reground  and  retlled. 

Plat  Olea  are  ground  and  stripped  on  all  ol 
their  cutttnic  aurfares  Iwfore  going  to  the  cut- 
ting deparimc-nt.  On  Blea  having  sharp  edgea. 
however,  such  aa  half-round,  barrette.  and 
other  shapea.  this  course  Is  not  followed.  Oa 
a  half-round  Die.  for  Instance,  the  flat  surface 
Is  stripped:  then  tbe  Brst  cut  la  taken  over  It. 
and  It  la  returned  to  the  stripping  room  to 
-have  Ihe  round  surface  flnlahed.  which  then, 
In  lum.  Is  treated  with  the  Brat  cutting;  after 
this  the  second  cut  Is  given  to  the  Dat  side, 
and  then  to  the  round  aide.  This  working  Brat 
on  one  sUe  and  tb«n  on  tbe  other,  on  a  blank 
having  sharp  adgaa,  Is  neceaaarr  to  keep  tb« 
teeth  perfect  In  ahape  clear  out  to  the  edge. 
If  one  side  were  Bnlahwd  contpletply  Iiefore  the 
other  waa  touched,  the  edges  would  be  turned 
over,  away  from  tbe  surface  last  flnlihed.  inak> 
Ing  a  sharp  burr  on  tbe  side  which  waa  cut 
Brst. 

After  tbe  blanks  have  been  stripped,  thej 
are  taken  to  the  blank  atorage,  awaiting  ibeir 
turn  at  the  cutting  machlna*. 

nie-Cuttlng  Machines. — A  flle-cuttlng  ma- 
chine  provides,  essentially,  means  for  striking 
a  verlea  of  Ta^ld  liXoma  vU^i  il  vaVAtAi  \«xnn& 
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cbiael  to  any  desired  d«pth,  and  meane  for 
feeding  a  file  blank  past  the  cbtsel  at  such  a 
rate  o(  speed  as  to  give  the  desired  spaclDg 
of  tbe  tooth. 

The  machine  Bhown  Is  driven  by  the  belt  and 
puUy  at  A.  A  cam  Is  keyed  to  the  driving 
shaft  which,  through  a  lever,  raises  the  ram  In 
head  C  agalnBt  the  resistance  of  an  India  rub- 
ber spring  D,  and  allowB  It  to  fall  again  freely. 
The  chisel  E,  held  In  the  end  at  the  ram.  Is 
thus  able  to  deal  a  series  of  very  rapid  blows 
on  the  blank  beneath  It,  the  Bbatt  revolving  at 
B  high  rate  of  speed,  and  the  cam  having  sev- 
eral lobes  or  teeth.  The  work  F  Is  laid  on  a 
bolder  G,  resting  on  the  Inclined  bed  of  the 
machine.  It  Is  fed  along  under  the  chisel,  be- 
ing drawn  by  a  plate  B,  which  la  clamped  be- 
tween friction  rolls  at  H.  These  rolls  are 
driven  at  a  uniform  rate  of  speed,  through 
gears  and  belting,  from  the  main  shaft  at  the 
machine.  No  provision  Is  made  for  varying 
the  spacing  In  a  file,  the  makers  believing  that 
there  1b  no  virtue  in  the  "Increment"  cut,  but 
that  there  ia  a  decided  advantage  tn  having  the 
flie  uniform  from  end  to  end. 

The  presser  toot  J.  under  the  Influence  of  a 
weight,  follows  the  work  just  In  front  of  the 
chisel  and  holds  It  firmly  down  to  the  holder 
G.  The  latter  has  a  cyliDdrical  bearing  on 
a  seat  In  the  bed,  so  that  on  flat  Qtes  the  blank 
is  tree  to  adjust  Itself  under  tbe  pressure  foot 
UDlll  the  surface  Is  parallel  to  the  cutting  edge 
of  the  chisel.  In  the  case  of  halt-round  flies, 
the  holder  is  rocked  by  handle  K  to  bring  un- 
der the  influence  ot  the  chisel  any  part  of  the 
surface  desired.  The  distauce  between  the 
work  and  Ihf  chisel  may  be  altered  by  crank 


M,  BO  the  depth  of  cut  may  be  varied  at  will 
This  is  Important,  and  much  ot  the  skill  ot  the 
cutter  lies  in  his  adjustment  for  depth  ol  cuL 
It  Is  a  vital  requirement  that  the  teeth  be  nal- 
form  from  end  to  end.  On  a  tapering  file, 
such  tor  Instance  as  tbe  flat  side  ot  a  balt- 
round,  a  blow  on  the  point  of  the  file  of  the 
same  force  as  that  delivered  In  the  middit 
section,  where  the  blank  Is  widest,  would  make 
so  deep  a  cut  as  to  almost  sever  the  blank. 
The  workman,  then,  la  running  from  the  point 
to  the  heel,  starts  In  lightly,  increasing  tbe 
torce  of  the  blow  by  adjusting  the  crank  M  u 
the  width  of  the  blank  changes.  Tbe  setting 
of  the  bed  on  an  angle  as  sbown,  and  the  con- 
tinuous feeding  of  the  blank  while  the  blows 
are  being  struck,  has  the  effect  of  opening  up 
the  teeth  as  the  chisel  leaves  each  cut. 

Etching  ot  Teeth  Is  Files. — Host  mecbanlcs 
are  familiar  with  the  Idea  of  file-cutting  with  a 
chisel  by  hand  or  machine,  but  how  many  of 
them  are  aware  of  the  fact  that  great  quanti- 
ties ot  the  files  they  use  are  not  made  with  the 
chisel  at  all,  but  by  a  grooving  process  some- 
what akin  to  knurling,  and  known  as  "etdi- 
Ing?"  The  workmen  shown  in  Fig.  4  are  em- 
ployed in  this  work.  The  file  being  treated  is 
laid  In  the  holder,  as  shown,  where  It  la 
steadied  and  guided  by  the  workman's  left 
hand.  With  his  right  hand,  by  the  handle 
which  It  grasps,  he  operates  the  etching  tool 
attached  to  the  swinging  framework-  This 
tool  Is  a  triangular  bar  with  file  teeth  cat 
In  each  of  Its  three  edges.  Any  one  ot  these 
edges  may  be  presented  to  the  work.  The  cot- 
ting  of  these  teeth  la  an  art  In  Itself.  Ther 
have  to  be  made  with  uniform  depth  and  regu- 
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W  tSarm  It  la  uec«!isury  for  the  t^eth  lo 
Wk**  la  tha  xroo*'**  preilously  cut  Id  the 
k.  TlM  »t(dilng  tool  la  almply  swept  bark 
foctli  scroai  Ui«  work  at  the  proper  angle 
vttk  tka  proper  degree  ol  praaaurs,  na  de- 
mtmtt  br  the  foot  ol  the  operator  bearing 
m  oa  tto  eUrrap  ahowa  bulging  from  the 
4te.  Tke  teeth  on  the  ed^e  ot  the  tool  out 
tfw«  ovt  the  Kroo««e  which  are  to  ronn 
tmath  of  the  flle.  Simple  as  the  procttas 
td».  It  requlraa  a  high  degree  ot  skill.  No 
l»  trmlalBc  la  nvcwaaarj  to  give  (be  ateedl- 
I  of  ■komnent.  eTenoeas  at  prejigure,  and 
MMa  ot  pealUonlng  oeedetl.  Id  the  oue 
PPMBd  and  b*tI-roaD<t  aurtaoes.  Ibe  tool  IB 
■t  •ovaa  the  blank  In  a  aerlea  of  Etrokei 
m  a*e  end  to  (he  other  In  one  portion  of  the 
kca^  Tlw  blank  la  then  roUi<>d  «  little  and 
>■  aatll  the  whole  earface  la  covered.  80 
I  aaat  tke  atehlng  tool  be  made,  however. 
,  so  earvfvl  la  the  work,  that  the  teeth  are 
I  tbrottgbout  the  whole  aurlace. 
kpa  Df  Um  flle  Is  the  consideration 
■tnei  whether  a  blank  shall  be 
Hd  or  ent  with  the  ctileel.  A  flat  surface 
Mftba  otekod.  nor  Is  there  anr  need  for  It. 
■feHBd  nrt»ooe,  however,  particularly 
^bt  fa  ■MMOUT  to  preserve  aocurateir 
^Pte*  of  tbo  blank,  etching  ts  preferable 
Hittac  In  a  rovad  flle.  the  action  ot  the 
irf  tkmn  op  the  stock  in  such  a  way  that 
Aap*  la  pelrgooal,  rather  than  round. 
•  tko  file  Is  cempletad.  In  etching,  on  the 
Irmrr,  lb*  procew  la  tbat  of  cutting  out  the 
■I,  lesTlac  tha  original  contour  nndte- 
Tbo  ororknan  enia  In  with  his  etching 
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tnot  otity  onutigh  to  bring  ibe  teeth  to  a  sharp 
edge,  without  bringing  this  edge  below  the 
original  surface.  For  this  reason.  In  any" 
curved  shape  where  an  accurate  outline  la  de- 
sired, etching  is  the  process  used.  Teeth 
coarser  than  No.  I  cannot  readily  be  tormed  In 
this  way.  owing  to  the  difficulty  of  applying 
enough  preaaure.  and  at  the  sam^  time  guiding 
the  tool   with   predslon. 

Hardening. — After  the  forming  ot  tha  tooth, 
either  by  cutting  or  etching,  the  maker's  natno 
and  the  number  are  stamped  on  the  Ola.  and 
the  extreme  pnd,  whero  the  teeth  are  not  per- 
fectly formed,  la  sheared  oft.  Then  It  goes  to 
the  hardening  department.  The  equipment  at 
the  room  conalats  ot  two  hardening  tamaooa, 
with  lead  baths,  suitable  brine  tanks  and  brino 
coollag  spparstua.  and  appllancea  foi  dsaslDg 
the  nies  by  a  steam  blast  carrying  a  powdered 
earthen  material. 

In  hardening,  the  following  procedure  la 
adopted:  A  boy  stands  at  the  left  ot  the  fu^ 
naco  man.  having  at  hia  left  a  pile  at  the  fllea 
to  be  treated,  and  on  the  table  back  ot  him 
a  aupply  ot  Iron  baddlea  with  aocketa  baring 
holea  pierced  In  them  to  match  the  tapered 
shanks  ot  the  Oles.  At  regular  Interrala,  at 
such  a  rate  as  to  always  keep  a  certain  num- 
tier  ot  nies  In  the  funiaoe,  he  Inserts  the  shank 
of  a  flio  In  the  aocket  handle,  which  he  Ian 
OD  top  of  the  fumaoe  with  the  Ale  hanging 
(town  Into  the  pot  ot  melted  lead.  The  surfaeo 
of  the  lead  la  covered  with  coko  dust,  to  pro- 
vent  oildatlon.  and  the  temperature  fs  kept 
oooatant  at   almut    1,800*    by  a   Brlatol   pyro- 
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As  each  piece  of  work  becomes  thoroughly 
heated,  the  operator  removes  It,  plunges  It  Into 
the  brine  tank  and  then  into  lime  water, 
where  It  Is  cleaned,  and  then  holds  it  for  a 
moment  under  a  steam  Jet.  This  latter  heats 
It  so  that  it  dries  immediately,  thus  obvi- 
ating the  danger  of  rusting.  In  small  files 
especially,  the  transfer  from  the  furnace  to 
the  brine  tank  has  to  be  made  very  quickly,  in 
order  to  prevent  cooling  before  the  water  is 
reached.  For  this  reason  two  tanks  are  pro- 
vided. The  small  one,  close  to  the  furnace,  is 
for  Bumll  flies,  which  cool  too  rapidly  to  per- 
mit a  long  journey  through  the  cool  air.  The 
largo  ono.  a  little  further  back,  is  used  for 
larger  work.  The  body  of  water  in  the  large 
tank  does  not  heat  up  so  rapidly,  and  there  is 
less  danger  of  cooling  with  these  files  in  carry- 
ing thorn  the  greater  distance  required. 

After  the  hardening  there  is  a  slight  oxi- 
dation of  the  surface  of  the  file,  little  more, 
however,  than  a  stain;  It  could  scarcely  be 
calU\1  sonlo.  To  remove  this  the  work  is  taken 
to  the  cleaning  apparatus,  which  consists  of 
shiM^t  metal  onsos  containing  a  quantity  of 
water  mixed  with  a  fine  clay.  This  clay  Is 
almosit  Impalpable,  with  no  perceptible  grit 
that  can  bo  folt  between  the  thumb  and  finger. 
A  steam  ejootor  draws  the  mingled  water  and 
clay  from  the  bottoui  of  the  casing  and  directs 
It  in  a  strt^am  upward  against  the  files,  of 
whloh  several  at  a  t^lme  art*  grasi>od  by  the 
i>|H»rator  In  a  pair  of  long- jawed  tongs.     A  few 


seconds'  exposure  to  the  blast,  first  on  one 
side  and  then  on  the  other,  removes  the  stain 
from  the  cutting  edges  and  leaves  them  bright 
and  sharp.  From  here  the  files  go  to  the 
packing  department  where  they  are  inspected 
for  hardness  and  accuracy  of  cutting,  oiled, 
and  wrapped  in  suitably  labeled  boxes  ready 
for  marketing. 

Special  Forms  of  Files. — ^What  we  have  said 
of  the  methods  of  manufacture  followed  relates 
to  files  with  more  or  less  regular  outlines, 
which  readily  admit  of  being  formed  and  cat 
by  machinery.  Great  numbers  of  special 
shapes  have  to  be  made,  however,  in  which  the 
use  of  machinery  is  impossible.  In  the  case 
of  the  various  forms  of  rifTlers  for  instance 
used  by  tool  makers  and  diemakers  in  working 
out  otherwise  inaccessible  corners,  the  whole 
work  of  forging,  stripping,  cutting,  etc..  has 
to  be  done  by  hand,  the  surface  being  too  ir- 
regular to  admit  of  any  other  procedure. 
Other  special  forms  of  files  are  made  here  for 
various  purposes.  One  interesting  product  is 
a  form  used  for  sharpening  pins.  It  will  be 
news  to  many  mechanics,  doubtless,  to  know 
that  the  points  of  pins  are  filed.  The  filing  is 
done  by  square  blocks  of  steel  with  single  cut 
teeth  formed  in  them,  fastened  to  the  sides  of 
rapidly  revolving  disks.  Large  quantities  of 
these  are  made  here. 

The  practice  herein  set  forth  is  that  of  The 
American  Swiss  File  and  Tool  Co.,  of  Eliza- 
bethport,  N.   J. 


INTERNAL- COMBUSTION  ENGINES  USING 

ALCOHOL  FUEL 
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i^as;  ir.dioa;es  :hat  a  constant  increase  in  price 
v^i  k<ro>i-r.e  aad  casoline  may  reasonably  be 
t\IH\:od  Oz:  ihe  other  hand,  it  Is  not  unrea- 
$:or.«s>-e  :o  hope  that  with  improvements  in 
.li:::^ ..  :.;ri  &i:i2  in  proc««ses  of  manufacture 
.".;  v\s:  i-«*  i':cv!:c»*  maj-  fall,  so  that  as  regards 
>v.>.  .':  v\  ^.c•■.  i::iy  cwupy  a  position  of  con- 
>  ;.:  ;         '...Tiis'.i.i:    £dv&niage    in    comparison 

\»  ^    ■        ■»•*'.      .•  "T—      i>**4L 

>.  :vi  :>..:  c  ..kc  a  >eAr  ago,  Cbmrles  K.  Lucke, 

r     ."      ;.s<>:<.r.:    pro'essor  of   mechanical   en- 

c.   t^     ..i      v\•.u^r.^Ia    rriversity,    was    called 

..:..:( r:ji.kt  azi  elaborate  series  of  tests 
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0a  latemal-combustlon  ensines  using  alcohol 
fuel  for  the  U.  8.  Department  of  Agriculture. 
The  obJectM  of  this  investigation  were: 

First,  to  determine  whether  the  gasoline  and 
kerosene  engines  at  present  on  the  American 
market  can  run  on  alcohol  as  fuel.  This  in- 
Yolred  as  related  matters  the  determination  of 
Che  manipulation  to  be  followed  in  making  the 
engines  run  on  alcohol,  the  measurement  of 
Ibe  relative  maximum  powers  of  the  engines 
when  using  alcohol  and  the  fuels  for  which 
they  were  originally  made,  and,  lastly,  the 
relative  consumptions  of  the  different  fuels. 
Second,  to  determine,  so  far  as  the  limited 
time  and  means  available  permitted,  the  ini- 
provementM  which  might  be  desirable  in  the 
design  uf  engines  manufactured  especially  fur 
alcohol. 

Moht  of  the  ongines  used  were  loaned  by 
their  makers  for  the  purpose  of  these  tests. 
Each  of  the  eight  enuiiies  was  run  on  alcohol 
M»  well  as  on  the  gHHoline  or  kerosene  for 
which  it  was  designed.  The  engines  used 
were: 

No.  I.  15-HP.  2-cyl.  vertical  4 -cycle  engine. 

No.  2.  fi-HP.  horizontal   4-cyi-le  engine. 

No.  3.  •i-HP.  horizontal  4-cycle  engine. 

No.  4.  <»  HP.  verlKal  4 -cycle  engine. 

No.  a.  ti-HP.  horizontal  2-cycle  engine. 

No.  «'..  4 "-II  P.   4-cYl.  automobile  engine. 

No.  7.  4n.lIP.    4-cyl.  automobile  engine. 

No.  '*.  2 -HP.  vertical  2-cycle  marine  en- 
gine. 

All  of  these  engines  were  gasoline  engines, 
except  No.  3.  which  was  constructed  to  op- 
f*rate  with  kerosene.  Nos.  6.  7  and  S  were,  of 
course,  high-speed  engines. 

A  report  on  these  tests  has  been  prepared 
by  Ur.  Lucke  and  Mr.  S.  M.  Woodward,  of  the 
Offlce  of  Experiment  Stations.  Washington. 
from  which  we  reprint  the  following  general 
rODcIusions. 

1.  Any  gasoline  engine  of  the  ordinary 
types  can  be  run  on  alcohol  fuel  without  any 
material  change  in  the  construction  of  the  en- 
gine. The  only  difflculties  likely  to  be  encoun- 
tered are  in  starting  and  in  supplying  a  suffl- 
rlent  quantity  of  fuel,  a  quantity  which  must 
be  considerably  greater  than  the  quantity  of 
gasoline    required. 

2.  When  an  engine  is  run  on  aU-obol.  its 
operation  is  more  nolFCless  than  when  run  on 
gasoline,  its  maximum  |>ower  is  uMually  nia- 
lerially  higher  than  it  is  on  gasoline,  and  there 
Is  no  danger  of  any  Injurious  hammering  with 
alrobol  such  as  may  occur  with  gasoline. 


3.  For  automobile  air-cooled  engines 
alcohol  seems  to  be  especially  adapted  as  a 
fuel,  since  the  temperature  of  the  engine  cyl- 
inder may  rise  much  higher  before .  auto-igni- 
tion takes  place  than  is  possible  with  gasoline 
fuel;  and  if  auto-ignition  of  the  alcohol  fuel 
does  occur  no  injurious  hammering  can  result. 

4.  The  consumption  of  fuel  in  pounds  per 
brake  horsepower,  whether  the  fuel  is  gasoline 
or  alcohol,  depends  chiefly  upon  the  horse- 
power at  which  the  engine  is  being  run  and' 
upon  the  setting  of  the  fuel  supply  valve.  It 
is  easily  possible  for  the  fuel  consumption  per 
horsepower  hour  to  be  increased  to  double  the 
best  value,  either  by  running  the  engine  on  a 
load  below  its  full  power  or  by  a  poor  setting 
of  the  fuel  supply  valve. 

5.  The  investigations  also  showeJ  that  the 
fuel  consumption  was  affected  by  the  time  of 
ignition,  by  the  sp<hh1.  and  by  the  initial  com- 
pression of  the  fuel  charge.  No  tests  were 
made  to  determine  the  maximum  possible 
change  in  fuel  consumption  that  could  l>e  pro- 
duced by  changing  the  time  of  ignition,  but 
when  near  the  best  fuel  consumpti<m  it  was 
shown  to  be  important  to  have  an  early  Igni- 
tion. So  far  a.s  tested,  the  alcohol  fuel  con- 
sumption was  better  at  low  than  at  high 
speeds.  So  far  as  inve»tigated.  increasing  the 
initial  comprehsion  from  70  to  125  lbs.  pro- 
duied  only  a  very  slight  improvement  in  the 
consumption  of  alcohol. 

6.  It  is  probable  that  for  any  given  engine 
the  fuel  consumption  is  also  affei'tod  by  the 
quantity  and  temperature  of  cooling  water 
used,  and  the  nature  of  the  cooling  system,  by 
the  tyi>e  of  ignition  apparatus,  by  the  quantity 
and  quality  of  lubricating  oil.  by  the  tempera- 
ture and  humidity  of  the  atmosphere,  and  by 
the  initial  temperature  of  the  fuel. 

7.  It  seems  probable  that  all  well  con- 
structed engines  of  the  same  size  will  have  ap- 
proximately the  same  fuel  consumption  when 
working  under  the  most  advantageous  condi- 
tions. 

s.  With  any  good  small  stationary  engine 
as  small  a  fuel  consuiuption  as  0.70  lb.  of  gaso- 
line, or  1.16  lbs.  of  al(*ohol,  per  brake  horse- 
power hour  may  reasonably  be  expected  under 
favorable  conditions.  These  values  correspond 
to  O.llh  and  0.170  gal.,  respectively,  or  0.95 
pint  of  gasoline  and  l.;t6  pints  of  alcohol. 
Ha.*<ed  on  the  high  calorific  valuer  of  21,120 
n.T.l*  per  pound  of  gasoline  and  ll.ssO  per 
pound  of  alrohol.  these  consumptions  repre- 
sent thermal  efficiencies  of  17.2.;   for  gasoline 
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and  1M.C%  for  alcohol.  But  calculated  on  tho 
IiumIn  of  tho  low  calorific  values  of  19,660  B. 
T.IJ.  per  pound  for  gasoline  and  10,620  for 
alcohol,   tho  thermal  efllciencies  become   18.5 


for  the  formef  fuel  and  20.7  for  alcohol.  The 
ratio  of  the  high  calorific  values  used  above  is, 
alcohol  to  gasoline,  1.66  by  weight,  or  1.44  by 
volume. 


PROBLEMS  OF  APPLIED  CHEMISTRY 


By  PROFESSOR  GEORGE  LUNGE 


Wo  nro.  In  those  days,  so  much  nccustomel 
to  donl  with  oloolrUity  In  its  innumerable  ap- 
pHoAttons.  that  wo  are  apt  to  forget  how  re- 
vont  Im  tho  introiluctton  of  that  force  of  na- 
ture into  pructloul  chemistry.  One  of  the 
ttnoMt  hoads  among  Knglish  alkali  makers, 
whoso  grasp  of  tho  principles  of  science  far 
Hurim^tsod  that  of  most  ordinary  technical 
rhoml8ts.  Ur.  Kordlnand  Hurter.  pronounced 
itmsolf.  as  lato  as  1888.  decidedly  against  the 
conuuon'ial  pi^ssibility  of  introducing  electric- 
ity, as  an  agtMit  for  manufacturing  the  cheaper 
claiujt  of  chomioats.  But  within  a  very  few 
>nfUAr»  of  that  dato  tho  contrary  had  become  an 
^•tabllshod  and  wolNknown  fact,  even  in  his 
own  domain  of  alkali.  Truo.  in  hardly  any 
Hold  havo  thor«  boon  more  failures  to  trans- 
)ato  tho  rtvitults  of  scionoo  into  economical 
mannfaouirinis  pri>ct^8«o«  than  in  that  of  etoc- 
uicUy:  and  ovon  now  It  is  only  quite  excep- 
Uonatly  that,  whorx'^vor  tho  oloctrtc  curr«&t 
ha»  to  lm»  pr\Htu\>Hl  bv  moans  of  stoam.  oloc- 
tro«^*homioal  mothod*  can  \x^miH>to  with  the 
oldoT  oixo*  for  tho  manufacYuro  of  what  i« 
oaUo^t  "hiNdixx  chomi\*aU.'*  Tbi*  t*  oa^iily  un- 
dor*usv|  \khon  t^o  rou^owiN'^r  ;ba;  aNnit  :^0-,- 
\>f  tho  >.cAt  >aV,io  o<  \\M*,  or  5;^^  ^sjuixAton:  of 
onorjt)  \*  Uv^;  tv.  :^.o  *'::v.:::o'.:*  r\^'.;:os  v>f 
*:<;\AV.*.  N^-.Vr  s;e,'5:v.  t*v.j;;i''.o  av,.*.  il^r.AV.io  l»*,:t 
1  >,<r r\>  * : V  *o Mc r  A '.   n  A  >  "s   •.  n   >*>.*. ^■  >.   ;  >, o   v ^^** '  o :v, 
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coal,  Great  Britain  and  Germany,  should  be 
less  favored  by  nature  in  respect  of  water- 
power  than  other  countries  which  possess  lit- 
tle or  no  stores  of  mineral  fuel,  as  Sweden, 
Norway,  Switzerland,  France,  Italy,  and  Spain. 
A  very  different  condition  of  affairs  obtains 
in  the  United  States,  where  we  find  the  great- 
est coal-fields  combined  with  the  greatest 
amount  of  water-power  existing  in  any  civi- 
lized country.  It  is  impossible  to  shut  one's 
eyes  to  the  fact  that  the  day  will  inevitably 
come  when  the  coal-fields  will  be  so  far  ex- 
hausted that  all  those  industries  which  con- 
sume large  amounts  of  mechanical  energy  will 
be  forced  to  emigrate  to  countries  where 
water-power  is  abundant. 

No  other  substitute  has,  as  yet,  been  found 
for  generating  force,  and,  indirectly,  electric- 
ity. True,  the  energy  given  out  by  the  de- 
scent of  water  in  rivers  is  but  a  small  frac- 
tion of  that  which  is  radiated  npon  the  earth 
from  the  sun,  or  of  that  which  is  developed  by 
the  play  of  the  tides  and  the  force  of  the  wind, 
but  no  way  has  yet  been  found  of  utilizing 
lho$4c>  other  sources  of  energy,  except  to  the 
;>loudoroesLt  extent.  The  harnessing  of  these 
natural  a^nts  belongs,  so  far  ma  we  can  see, 
to  tho  class  of  problems  which  will  hardly  be 
isol^od  >y  our  own  generation,  whatever  de- 
M?tovr.',or.:*  tho  remoter  future  may  bring.  But 
of  :>.o  >A;&:or->>wor  existing  on  this  planet 
:>.o-\^  *.i;  A  :  A  ripe  proportion  which  has  never 
>o:  Nvr.  '..'Uvhei.  and  this,  as  well  as  the 
^AiiT'.v^vT  *h*ciL  has  been  already  forced 
v.,*-  :'"i-  :-,'v..l>  .'f  r.":Ai:.  rrins  on  forever.  This 
'^  »•;  xv  ::>w  i-  :-v-A:cz!aMe  advantage  over 
^■\\»'  ^>-,>  :>  ::s  \;se  as  fuel,  is  dissipated 
r;.-  .>i-  s  v..*>7^t'■^^f  :r  lie  shapie  of  carbon 
^••v.\.  .;^  .<:•/.  ;>..;>  .«':.^J?K-*r  destroyed  as  a 
*o;;:rNv  .-f!  «'v:'-j:?  ^.r.-y  frcsa  carboD  dioxide 
t^iM^  ^io'  **A?  ocr'o  >f  4^^3:^ rated  by  the  inter- 
^ra«(N>«  o:  ^^'Jir  ^=Yri:y.  aa£  iMs  tatea  place 
il  iMch   a   \t'}    s^.-v    rx:iF  Cai  It  caaaol  be 
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taken  Into  account  In  our  economical  consid- 
eration. 

We.  who  hmTe  1»een  born  to  nee  the  ascend- 
ency of  coal  as  the  principal  producer  of  cn- 
erff>  In  bulk,  can  hardly  realize  what  a  short 
epoch  In  the  past  and  future  history  of  man- 
kind belongs  to  the  age  of  coal.  It  has  taken 
many  thousands  of  years  to  form  the  beds  of 
coal  which  exint  in  the  earth's  crust,  and  which 
have  preserved  to  us  a  tiny  portion  of  the 
M>lar  energy  radiated  upon  our  planet  during 
that  period*  millions  of  years  ago.  At  that 
period,  for  various  reasons,  the  production  of 
living  matter  must  have  been  Incomparably 
more  rapid  than  is  the  case  at  present.  Dur- 
ing untold  ages  this  stored  up  energy  was  ly- 
ing Idle,  hidden  under  the  accumulations  of 
the  more  recent  geological  formations,  not 
merely  up  to  the  advent  of  man,  but  through 
nearly  the  whole  of  his  history.  Leaving  aside 
the  tens  of  thousands  or  (according  to  some) 
hundreds  of  thousands  of  years  during  which 
nan  exlrted  before  the  dawn  of  history,  we 
must  remember  that  historical  documents  ox- 
1st  in  Egypt.  Babylon,  India,  and  elsewhere. 
taking  us  back  at  least  8,000  years,  and  that 
the  most  glorious  times  of  Greek  and  Roman 
civilisation  are  about  2.000  years  behind  us. 
How  modern,  in  view  of  these  figures,  fs  the 
uae  of  the  coal,  and  over  what  a  short  time 
It  «-lI!  extend!  In  these  isles  the  use  of  coal 
is  much  older  than  in  any  other  country,  but 
even  here  Its  serious  exploitation  is  compara- 
tively recent,  dating  barely  150  years  back; 
whilst  its  future  <even  if  we  disregard  the 
more  pessimistic  estimates)  Is  not  likely  to  ex- 
ceed some  200.  or  at  most  300.  years.  Ger- 
many and  the  United  States  will  probably  hold 
out  200  or  300  >ears  longer,  but  in  all  other 
countries  the  chances  are  all  the  other  way. 

Well,  what  Is  to  happen  then?  Those  coun- 
tries where  water  power  is  abundant  may  pos- 
sibly substitute  electrical  heating  for  that  pro- 
duced by  the  burning  of  coal,  but  what  about 
Sagland  and  Germany,  which  are  so  poorly 
ofl  in  that  respect?  Even  in  those  countries 
which  are  more  favored  the  amount  of  water 
rower  is  by  no  means  infinite;  and,  if  it  had 
to  be  drawn  upon,  not  merely  for  motive 
purpoees,  but  for  the  production  of  electricity 
for  beating  purposes.  It  would  be  found  in- 
sufflcient  in  most  places.  Here  wo  are  fared 
by  one  of  the  greatest  problems  of  applied  sci- 
•nne.  both  in  chemistry  and  In  physics,  a 
problem  which  will  give  plenty  of  occupation 
to  fonorntioBg  of  future  Intentors.  At  pros- 
only  surmise  that  some  solution 


will  present  itself  in  the  shape  of  a  direct 
conversion  of  the  sun's  rays  into  other  forms 
of  energy;  but  the  means  by  which  this  would 
be  practically  accomplished  are  at  present 
quite  uncertain. 

The  age  of  coal,  in  the  midst  of  which  we 
are  living,  short  as  it  is  evidently  doomed  to 
bo  in  the  long  hlKtory  of  mankind,  has  been 
of  incalculable  service.  For  our  purposes  we 
may  dismiss  the  earlier  part  of  it,  and  look 
back  only  a  hundred  years.  In  all  branches 
of  Industry,  in  locomotion,  in  the  means  of 
coinmunication,  and  in  innumerable  matters 
ministering  to  the  comforts  of  life,  the  prog- 
ress since  that  time  has  been  going  on  at  a 
geometrical  ratio.  The  present  state  of  all 
these  factors  of  civilization  in  Europe  (to  say 
nothing  of  America)  difTers  from  that  obtain- 
ing a  hundred  years  ago  far  more  than  the 
latter  differed  from  the  Roman  Era,  or  even 
from  the  age  of  the  Egyptian  kings.  And  this 
miracle  has  been  brought  about  solely  by  coal, 
without  the  aid  of  which  it  is  simply  impossi- 
ble to  imagine  the  revolution  which  has  taken 
place  since  then.  "Hallways!"  That  single 
word,  to  give  only  one  instance,  will  bring 
this  home  to  anyone  who  ponders  over  this 
matter.  And  it  is  equally  impossible  for  us 
to  imagine  that,  during  the  past  century,  there 
could  have  been  any  other  invention.  l»aaed 
upon  the  utilization  of  the  other  supplies  of 
energy  of  which  we  have  spoken,  which  could 
have  replaced  the  untold  services  of  coal. 
that  accumulator  of  solar  energy,  which  alone 
has  enabled  the  human  mind  to  work  out  the 
thousand  and  one  channels  through  m-hlch 
modern  civilized  life  is  flowing.  We  may  say 
this  with  all  confidence,  for  how  otherwise 
could  we  account  for  the  fact  that  such  In- 
ventions have  not  been  made  in  former  times, 
when  there  were  certainly  quite  as  many  In- 
genious minds  in  the  world  as  during  the  coal- 
conHuming  age? 

I^t  us  now  come  down  to  considerations  of 
a  more  modest,  but  more  practical  nature  than 
those  In  which  we  have  Just  been  indulging. 
Seeing  that  the  stock  of  mineral  fuel  upon 
this  earth  is  so  \ery  limited,  cannot  we  find 
means  of  husbanding  It  more  than  this  has 
been  done  hitherto?  It  is  only  too  notorious 
that  the  way  in  which  coal  is  at  present  con- 
sumed is  most  wasteful.  Of  the  energy  re- 
siding In  coal,  most  ordinary  steam-engines 
utilize  less  than  lO'/c  by  converting  it  into  me- 
chanical motion;  and  even  the  most  perfect 
steam-engines  devised  utilize  hardly  more 
than    IS*"*,      Imi^ToxemetAm  Vti  W\%   ^x^r.>\«^ 
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may  possibly  swell  this  proportion  a  little,  but 
there  Is  no  prospect  of  gaining  much  In  that 
direction.  Enormous  wastages  are  also  In- 
curred In  other  ways.  The  conversion  of  plg- 
Iron  Into  steel,  the  manufacture  of  glass  and 
many  other  Industries  consumes  from  four  to 
twenty  times,  and  even  more,  of  the  quantity 
of  coal  required  by  theory.  Many  descriptions 
of  roal  nro  .too  poor  to  be  used  at  all,  except 
In  the  Imniodlnte  vicinity  of  the  spot  where 
they  occur:  and  In  burning  our  fuel,  whether 
It  be  for  Industrial  or  for  technical  purposes, 
we  Invariably  send  Us  nitrogen  Into  the  at- 
mosphere, which  surely  contains  quite  enough 
of  that  commodity:  the  only  exception  being 
the  manufacture  of  coal-gas.  to  which  we  shall 
refer  lator  on.  Here  some  of  the  grandest 
problems  of  applied  chemistry  present  them- 
selves to  us — how  to  stop  that  fearful  waste 
of  fuel:  and  how  to  recover  the  nitrogen  of 
the  coal.  If  that  be  possible. 

It  Is  certain  that  we  must  look  for  the  so- 
lution of  these  questions  In  the  direction  of 
converting  coal  Into  gaseous  fuel.  It  is  true 
that  much  has  been  done  In  that  field  In  past 
years,  and  more  especially  will  the  name 
•'Siemens"  iHTur  to  every  one  In  this  connec- 
tion, but  much  more  remains  to  be  accom- 
plished. Another  great  stride  ahead  lies  in 
the  better  utilisation  of  the  waste  gases  from 
blast  furnaces,  in  which  n^spect  the  last  few 
years  have  witnessed  some  very  important  Im- 
pnwements.  All  this  refers  merely  to  a  better 
utilisation  of  the  heating  |H>wer  of  coal,  but 
not  to  that  other  great  task,  the  recovery  of 
is  nitn^gon  in  a  useful  shaiH*.  This,  together 
with  the  qut^stion  how  o^vil  of  piH^^r  quality  is 
lo  bo  turntM  to  a  better  account,  has  l>eon 
tackUvl  b\  the  equally  indcfatigaMe  and  In- 
tcHigcntly  dinvtod  energy  of  Or.  l.udwig 
Mond.  ouo  of  the  benefactors  of  the  Royal 
Inst Mu; Ion.  His  tnxcntiou.  the  power-g.as.  ' 
has  aln\-^d\  attained  ;i  ;ari:o  ivic^snro  of  sue- 
ces*.  as  is  i^roMsl  b>  the  c\:on*.  of  the  p'-.-^nis 
CTWt<s1  an»i  *1cs'.}:no.i  Mon.i  >  r:\>v*'ss  bolonp* 
to  J  h .^ «  Class  In  ■«  1* : 0 >  XV  o  ;\ ',^ p r*^.'» c h  or. o  o f 
the  jtnvttcst  "(MvVOr-v.s.  tor  :V.c  ■.;r..c  >ci:\j:.  of 
a rr'  "•  *^«    *  " *^ '"^  ■  *. s  i  V >  .     i    :v,  c  .■; ;;    ; ' .  c    v's>r. >  o rs; o n    of 
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are  being  gradually  narrowed  down  by  ex- 
haustion. The  Importation  of  foodstuffs  from 
other  less  thickly  populated  countries  can  only 
modify,  but  not  altogether  extinguish,  the 
danger  of  ultimate  shortness  of  food  at  some 
future  date,  possibly  not  so  very  remote.  It 
is  certainly  a  great  comfort  to  know  that,  with 
suitable  manuring,  the  soil  may  be  forced  to 
yield  even,  better  crops  than  it  would  give  in 
the  virgin  state,  let  alone  in  a  condition  im- 
poverished by  centuries  of  tilling.  But  stable 
manure  is  nothing  like  sufficient  to  attain  that 
object,  and  we  must  turn  to  mineral  fertiliz- 
ers, principally  phosphates,  potassium  salts, 
and  nitrogen  compounds.  The  two  former 
classes  of  fertilizers  are  found  in  abundance 
in  nature^  and  there  is  no  danger  apparently 
of  their  being  exhausted  during  the  next 
thousand  years. 

But  the  case  is  very  different  with  the  min- 
eral forms  of  nitrogenous  manures,  i.  e..  am- 
monium salts  and  nitrates.  For  agricultural 
purposes  it  does  not  make  much  difference 
whether  we  apply  the  nitrogen  in  one  or  the 
other  of  these  forms.  The  ammonia,  apart 
from  insignificant  quantities  otherwise  ob- 
tained, all  comes  from  the  nitrogen  of  the 
coal,  but  up  to  about  twenty  years  ago  only 
that  coal  which  was  used  in  the  manufacture 
of  gas  was  made  to  yield  ammonia,  and  only 
one-sixth  of  its  nitrogen  was  obtained  in  this 
form.  In  all  other  uses  of  coal,  where  at 
least  twenty  times  as  much  is  consumed  as 
in  the  manufacture  of  gas,  the  nitrogen  was 
simply  sent  into  the  air. 

Quite  recently  some  progress  has  been  made 
in  the  way  of  utilixlng  some  of  this  nitrogen 
as  well.  I  have  already  mentioned  the  Mond 
process,  where  some  of  the  nitrogen  is  recov- 
ered in  the  shape  of  ammonia;  bat  this  cov- 
ers only  one  corner  of  the  field.  In  another 
section  a  gixnl  deal  has  been  already  achieved. 
In  the  manufacture  of  coke,  which  is  also  a 
process  of  destructive  distillation,  and  en- 
t;ro'y  analo^rous  to  gas  making,  very  much 
*i.-)r(:or  quantities  of  coal  are  consumed  than 
for  :^.o  latter,  since  coke  is  indispensable  for 
:hc  sr.-.r^tir.f:  of  iron  and  for  other  metallnrgi- 
*.^*.  rv.'?^'*^-'*  V?  TO  about  twenty  years  ago 
.^■.:  ;\f  AOAiTc  by.proiucts  in  the  manufac- 
;".:r\^  o'  .-oVc  wt-:>?  lost — that  is  to  say,  tar. 
^.-ts  .^r..:  .^r.-.r.-.or.-.A.  The  recovery  of  these  by- 
Vrk.v*..;.:s  was  frs:  carried  through  In  one  of 
;«"0  rnr.rh  coke- works,  about  1S€1.  but  no- 
w^re  e*sc'  for  a  r.v.in>er  of  years,  although  in 
1$T^  the  U:c  r>r  R.  .\ngns  Smith  had  eam- 
tttty  n^XHTr.rr.crided  to  the  Rngllsh  coke-works 
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Bt  araivm.  Kven  dow,  both 
bd  tfnslMid  a>  well  ma  In  AmeTlca. 
r   cakc-oTsDB    bare    round    ont>    a 

ftdopUoD;   In  EnitBDil  t>«rhapB  ui 

!•  iB«d«  to  Itila  wmr.  asBiniii  up- 
[i  In  0»rmu))r.     Id  couaeqaenre  of 

tWDty  jMkr*  ago  U«rmaiiy  Im- 
r  Bit  ammoDlum  aulpbata  required 
ultur*  from  this  couairy,  i)b«  now 
m,  anil  has.  on  the  contrary.  Im^- 
e  eiportirr  of  IIibI  rommodtty.  The 
ihia  wond«rful  t^hange  are  Tarlous, 
ni  U  undoutledly  the  rnvlvnl  at 
t  push  and  ent«rprla«  which,  after 
Bt  for  coulurles  In  conuequenre  o( 

of  the  Tblrtr  Year*'  War.  causbl 
lan  peoplt!.  and  enlivened  Qerinan 
lit  dlr««-tlon>.  Without  going  tnto 
hia  matter,  we  may  take  it  thnt 
ttle  raavrro  of  ammoDlaral  nltro- 
B  th»  QKUler  Indicated,  and   that 

pToditctlon   of  about   halt   a   mll- 
if   aJDiDonlum    aulphalo    might    be 
rased  In  that   manner. 
rea*rv«  la,  after  all.   nothing  like 

«<nrer  the  requirements  of  agrl- 
bm  future:   and   It   ts   quite   likely 

loas  ruB  all  Ilie  really  available 
itM  ooal  would  not  aulllee  for  the 
A.  And  what  about  the  time  when 
ritl  be  exbaustedT  Well,  there  la 
tnd  Inoibauatlbte  source  of  nltro- 
:It  we  must   turn,  and   that  Is  thi? 

air.      Tour-nftbii   uf   this   cunaists 

miniated  to  amount  to  4,000  bll- 
la,  wiled  with  a  quarter  ot  that 
tyifB  Morn  Chan  lOii  years  affo, 
^vwndlBh    discovered     the    funda- 

that,  by  the  action  of  the  electric 
irofen  ot  the  air  couiblnea  with 
ira  altrlc  arid.  The  formation  of 
Dm  aimoaphertc  nitrogen  has  also 
A.  both  by  •laetrlclty  and  (which 
nrtaBt)   In  other  ways  as  well,  aa 

anon.  But  until  a  very  few  yeara 
acta  hare  never  been  put  to  any 
t.  aad  the  problem  of  in  rate  k  the 

alUogen  Into  ammonia,  or  nitric 
Kb  ffequenily  approached  In  n 
bUOc  or,  experimentally.  In  n 
J,  bad  not  been  solved.  Our  day> 
i«  raNlltatlon  ot  that  moat  Impor- 

K  apaftk  of  ammonia.  We  are  led 
tf  what  U,  verily,  a  long  and  rlr- 
I.  We  must  Rtart  trom  the  dl«- 
t^vn  carbide  lannounced  In  IS6: 


by  tb«  cetebratvd  Woebler).  the  loctanlcal 
preparation  nf  which  aubaiance  waa  Oral  «f- 
fected  by  Wilson  In  1S1I2.  and  about  th*  same 
time  by  Jdolaaan.  True,  the  espectatlona  that 
were  entertained  In  varloua  quarters  In  con- 
nection with  this  remarkable  cbemlral  product 
have  not  been  fully  reallied  to  the  extent  an- 
ticlpated  by  the  Inventors:  but,  00  the  ottaar 
hand,  an  entirely  novel  utw  bos  bM>o  discov- 
ered for  It  by  Protessor  Adolf  Frank  and  Dr. 
Caro,  of  Rerlln.  They  found  that  when  nitro- 
gen Is  passed  over  red-hot  calcium  c«rhld«  It 
1b  absorbed  with  formation  of  valdum  cyn- 
iilde.  This  latter,  when  trratnd  with  water 
under  high  preiuiure,  la  made  to  yield  am- 
monia:  but  It  la  not  necessary  to  do  this,  since 
the  crude  product,  which  tbey  have  callod 
"llme-nitrogen,"  ran  aervn  directly  as  nitro- 
genous feruliier.  and  Is  In  that  riapect  equlv- 
alonl  to  Its  own  wolgibi  of  ammunlum  snl- 
phaie.  This  Is.  Indeed.  Its  principal  use  (or 
the  present  and  the  near  futuri^;  but,  at  ■ 
matter  ot  fact,  the  discoverers  go  muok 
further.  Prom  the  llm»-nltrogea  they  pre- 
pare cyanogen  derivatives  of  various  klnda, 
some  ot  which  are  valuable  as  consUtnrala 
of  explosives,  and  Utey  are  oaraeatly  trying  10 
employ  It  In  the  manu(aclur«  of  nitric  add. 
They  have  also  brought  In  several  other  In- 
dustries— tho  mnnulaclure  of  pure  graphite, 
of  pure  hydrogen,  of  urea,  and  so  forth.  The 
pure  nltroKcn  twqnired  for  all  this  whs  at  flrst 
produced  by  passing  atmoapberic  air  over  red- 
hot  copper:  but  It  Is  now  mad*  by  llguefrliix 
olr  and  distilling  off  the  oxygen,  which  ia  thua 
obtained  as  a  valuable  by-product.  Tha  IB- 
vcntors  expressly  rocognlie  the  Invaluable 
aid  which  they  have  la  this  respect  darlvod 
tiom  th«  world-renowned  reaearchee  ot  Sir 
James  Dewar.  carried  out  In  the  Hoyal  InaU- 
lutlon.  The  worka  already  In  operation,  or 
In  course  of  construction,  will  by  tha  and  of 
thia  year  utillte  water-power  to  the  axUBl  o( 
some  5S.000  HP.,  and  will  produce  llmo-silro- 
gen  equlvaloni  to  100,000  tons  of  nltrato  of 
soda,  and  this  with  an  expenditure  of  force 
leas  than  one-third  of  that  required  for  the 
pror«sa  of  Slrkeland  and  Eyde.  of  which  1 
■ball  speak   dlrertly. 

I  must,  however,  Orst  aay  a  word  abool  Iba 
BtreoiiouB  efforu  made  by  Profeasor  Pruik 
and  Ot.  Caro,  this  time  In  connection  wltk 
Dr.  Ludwig  Mood,  to  extract  trom  peat  bMb 
power  and  ammonia.  Enormoua.  but  hitherto 
almost  worthless,  depostla  of  peat  exlat  In  Ira- 
land  and  North  Oermsny;  and  the  ultlmUa 
■ucross    of    theae    endeavor*,    whkb   ««   biKv* 
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every  reason  to  hope  for,  will  prove  an  incal- 
oulablo  boon  to  these  countries.  At  the  same 
time,  all  fears  of  a  scarcity  of  ammonia  for 
agricultural  purposes  would  be  thus  removed 
for  generations  to  come. 

Important  as  ammonia  is  as  a  fertilizer,  it 
ranks  after  the  nitrates  in  that  respect;  and, 
unlike  ammonia,  the  nitrogen  of  the  nitrates 
is  of  immouHe  importance  for  other  purposes 
as  well,  viz.,  the  manufacture  of  nitric  acid 
and  of  explosives.  The  very  limited  quanti- 
ties of  nitrates  required  in  former  times, 
amounting  to  a  few  tens  of  thousands  of  tons 
per  annum,  were  furnished  by  Indian  salt- 
petre, that  is,  crude  potassium  nitrate.  A 
Ur  more  abundant  supply  was  opened  out  a 
little  more  than  half  a  century  ago,  when  the 
exploitation  of  the  beds  of  nitrate  of  soda  in 
South  America  was  begun.  The  crude  nitrate 
found  there  is  refined  on  the  spot,  and  comes 
to  us  as  "Chilian  saltpetre,"  which  is  almost 
pure  sodiuui  nitrate,  to  the  tune  of  a  million 
and  a  half  tons  per  annum.  About  four-fifths 
of  this  is  taken  up  by  agriculture,  the  re- 
mainder serving,  in  the  first  place,  for  the 
preparation  of  nitric  acid.  As  for  that  acid, 
it  is  impossble  to  Imagine  how  we  could  do 
without  it.  Apart  from  minor,  but  quite  in- 
dispensable uses,  one  of  which  is  in  the  man- 
ufacture of  sulphuric  acid  by  the  lead-cham- 
ber process,  the  greater  part  of  nitric  acid  is 
consumed  in  the  manufacture  of  coal-tar  col- 
ors and  in  that  of  explosives. 

Let  us  pause  for  a  minute  to  consider  the 
last-named.  Even  supposing  it  possible  that 
all  wars  ci>uld  be  abolished  on  this  terrestrial 
globe^  contlngouoy  not  very  likely  lo  arise 
within  the  next  few  years,  in  spite  of  the 
laudable  efforts  of  the  Peace  Societies — auvl 
that  s^upowder  were  uo  Kniser  requliv^l  for 
shooting  wild  animals  vau  equally  unlikely 
case,  which  would  lead  to  a  quite  intolerable 
iuviease  of  same.  Ms  aud  otherwise>- -we 
caMuot  vvu^vive  the  possibility  of  v^ur  present 
s>siem  ot  civi'i^atioii  euduriu^  without  a  ci>- 
lossal  cv^nsiimptiou  of  c\p:o^i>es.  How  couM 
v^e  carr>  ou  win  ins  e;>eratioiis  'NMthout  them? 
lU>\v  vvuM  we  sec  su»nes  ^.'o^u  the  quari-ies* 
Ho>*  1.0UM  ^^e  «.x>ni::uv*:  roads,  and  tauae*;*. 
a II. I  I'ci'.'wiiNs  ^^iibout  l^.e  he!;*  of  exv-os^v^'S. 
aV.  o!:  vsbu'Li  ha>e  a  basis  oi  salr.s  or  esters  oi 
uiLris  it  .id  *  AuJ  '.hese  ha\e.  up  to  the  pres- 
en'-.  bco*-»  L'leiMred  a' most  exclusively  irom 
0^:  'iiu  salivecre.  Tbe  idea  has  certainly  beeu 
mo^>to.i  to  iv.»i'.ate  the  natural  process  by 
waicb  the  n urate  is  formed  In  India.  Thi» 
has  t>eeu  tried  dariujc  a  uomber  of  y^ara  la 


France  and  in  Sweden,  but  has  been  given  up 
as  unprofitable  in  our  northern  climes.  Also, 
the  interesting  experiment  of  sowing  the  bacil- 
lus of  nitrification  and  of  cultivating  it  in  the 
soil  has  proved  a  failure,  although  I  would 
fain  believe  that  the  last  word  has  not  been 
spoken  on  that  subject.  This,  if  successful, 
would  replace  some  of  the  nitrates  now  used 
as  fertilizer,  just  as  a  better  utilization  of 
sewage  would  act  in  the  same  direction;  bat 
all  this  at  the  best  goes  only  a  very  small 
way,  and  does  not  furnish  the  pure  saltpetre 
required  for  the  manufacture  of  nitric  acid. 
What,  then,  shall  we  do  when  the  nitre  beds 
of  Chili  are  exhausted?  an  event  which,  ac- 
cording to  most  estimates,  is  bound  to  take 
place  within  thirty  or  forty  years  from  now. 
Unfortunately,  there  is  no  tangible  hope  of 
similar  beds  being  found  in  any  other  locali- 
ties, certainly  not  to  any  great  extent.  The 
beds  of  Atacama  and  Tarapaca  on  the  Cordil- 
lera owe  their  origin  to  an  altogether  excep- 
tional combination  of  climatic  conditions  and 
geological  changes,  the  repetition  of  which  in 
other  quarters  is  exceedingly  unlikely.  Until 
very  few  years  ago  there  was  no  prospect  of 
any  fresh  supplies  of  nitrates  in  any  other  di- 
rection; but  we  may  say  that  the  solution* of 
this  problem,  if  not  altogether  settled  in  its 
final  shape,  has  now  been  found.  After  many 
unsuccessful  attempts  at  realizing  for  practi- 
cal purposes  the  discover}'  of  Cavendish,  and 
after  a  thorough  investigation  of  its  scientific 
principles  by  Lord  Rayleigh,  Muthmann  and 
Hofer.  Nernst,  Haber,  and  others,  this  has 
been  achieved,  and  once  more,  by  means  of 
that  well-nigh  omnipotent  agent,  electricity, 
which  thus  renders  yet  another  service  to 
mankind.  At  Notodden,  in  the  Norwegian 
llitterdaU  a  factory  has  been  established  to 
carry  out  the  process  of  Birkeland  and  Eyde, 
who.  by  an  ingenious  application  of  the  ex- 
treme heat  produced  by  the  electric  current, 
make  the  uitrosen  and  oxygen  of  air  combine 
to  ni:ric  oxide,  which  at  a  lower  temperature 
is  si>on:a:it*oMsIy  oxidized  into  nitrous  vapors, 
\^i-h  I. he  ',:*.'. in: ate  production  of  nitrites  or  ni- 
trates. T^.is  tide  there  is  really  no  doubt  that 
l-r.uiiva".  and  economical  process  has  been 
^i  >.'.•  e:vd  '.L^r  wiiich  it  is  intended  to  employ, 
l'>  '.>e  e:;A  of  Lii'.s  year,  water  power  to  the  ex- 
te-  :  o::  ;j.JOO  HP,  The  Notodden  process 
bi.is  iLiir  w  Ve  followed  by  other  even  more 
eihv-'ieut  'ji'-'^-'^^ss^es.  The  moat  Important  of 
tricse  *.s  'b.t'.  ot  :he  Badische  Anilin  and  Soda- 
b*a>ii^.  tor  wbioli  an  experimental  factory  Is 
lu    course    oi'    a.^uscruction.    and    for    which 
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>0  HP.  are  to  be  employed.    But  for  some 

to  come  the  Chilian  Baltpetre  will  still 
the  trade;  a  very  large  amount  of  water 
r  will,  Indeed,  have  to  be  brought  into 
B«rely  to  cover  the  annual  Increment  of 
imptlon   of   this   commodity    for   agrlcul- 

purposes. 
m  task  It  is  certain  that  explosives  will 
r  fulfil,  and  that  was  suggested  to  me  by 
of  the   cleverest  mechanical   engineers   I 

known.  He  was  intensely  Interested  in 
iroblem  of  aerial  navigation*  and  for  this 
9S4  he  wished  to  construct  an  engine 
ed  by  fuel  of  the  most  concentrated  kind, 
ler  coal,  nor  beniine,  nor  oil  would  do. 
Is  plight  he  came  to  me  and  asked  what 
latves  I  should  advise  him  to  try  for 
Ing    his    engine,    in    the    erroneous    idea 

explosives  were  a  kind  of  concentrated 
Of  course.  I  could  not  but  reply  as  fol- 
All  honor  to  his  courage,  but  no  explo- 
known,  so  far  ever  or  likely  to  be  invent- 
»uld  possess  that  property  he  required, 
a  lar^e  store  of  enersy.  A  pound  of  coal 
>oents  five  times  as  much  energy  a.s  a 
d  of  the  strongest  explosive  known — 
Ing  gelatine.  My  friend  had  overlooked 
'act  that  a  pound  of  dynamite,  though  it 
,  out  nearly  1 50,000, 00«»  HP.,  does  so  only 
he  space  of  1,50,000  of  a  second.  He  had 
ted   to  take  Into  account  the  element  of 

and  had  confused  power  in  the  ordinary 
»  with  energy,   which   is  the  capacity   for 

I  work. 

aimllar  confusion  is  sometimes  made  be- 
a  energy  and  the  creation  of  high  temper- 
».  This  can  be  very  well  illustrated  by 
nM  recently  made  of  flnely-powdered 
inum.  both  as  a  component  of  explosives 
as  an  agent  for  producing  very  hii;h  tem- 
turva.  In  the  shape  of  Dr.  GoUlschmidt's 
mite."  In  both  cases  the  fact  is  utilized 
aluminum  is  easily,  and  In  the  shape  of 
powder,  almost  instantaneously,  convert- 
ito  lu  oxide,  alumina,  by  substances  capa- 
»f  giving  off  oxygen.  In  the  case  of  ther- 
,  a  mixture  of  flnely-powdered  aluminum 
ferric  oxide  is,  when  lighted,  decomposed 
ataneoualy  Into  molten  Iron  and  alumi- 
oxide.  The  heat  produced  thereby  far 
pds  that  producetl  by  coal  in  any  conceiv- 
way:  It  is  equal  to  that  of  the  electric  arc. 
of  the  most  important  applications  of  thlrt 
t  occurs  in  the  welding  of  the  ends  of  rail- 
rmlli.  when  already  laid  down,  into  one 
Innona  rail  of  any  length  required.  And 
\hm  total  energr  of  thermite  is  only  460 
Bsl  naJU  per  kllogrmm,  or  In  other  words. 


about  one-twentieth  of  that  of  the  best  coal. 
But,  whereas  It  takes  a  good  deal  of  time  to 
burn  a  pound  of  coal,  during  which  proceaa 
there  is  a  great  loss  of  heat  by  radiation,  and 
the  heat  is  spread  over  a  current  of  gasea 
which  we  call  the  flame,  a  pound  of  thermite 
burns  off  in  about  one  second,  and.  as  there 
are  no  gaseous  products  forme<l,  all  the  heat 
generated  remains  within  the  molten  iron  and 
alumina,  which  accounts  for  the  extreme  de- 
gree of  heat  to  which  these  are  brought. 

Electricity  has  often  been  InToked  to  pro- 
duce the  most  important  of  all  Inorganic  pro- 
ducts, iron.  If  this  problem  could  ever  be 
solved  in  an  economical  way,  It  would  bring 
about  a  perfect  revolution  in  the  position  of 
the  leading  nations.  On  the  one  hand,  the 
enormous  quantity  of  coal  now  con^ulIH•d  In  * 
the  production  of  iron  and  steel  (whhh  is 
probably  at  least  a  quarter  of  the  entin*  out- 
put of  coal )  would  be  set  free  for  other  uBes, 
and  the  exhaustion  of  the  coal-flelds  would  l>e 
put  off  to  a  corresponding  extent.  On  the 
other  hand,  the  production  of  iron  would  pass 
over  into  the  hands  of  tho.so  nations  which 
command  the  lnr;:;e>t  amount  of  water-power, 
and  which,  therefore,  can  produce  ♦•Ifcirlcity 
most  cheaply.  Of  the  three  conntrieK  which 
now  produce  between  them  the  bulk,  that  la 
seven-eighths,  of  the  world's  iron.  Great  IJrit- 
nln  and  Germany  would  go  to  the  wall,  and 
the  rnited  States,  which  already  produces 
more  iron  than  these  two  coun tries  put  to- 
gether, would  become  omnipotent  in  that  field. 
Sweden,  Italy,  and  some  other  countrlea 
would,  at  any  rate,  greatly  increase  their 
present  production.  ISut  this  radical  change 
is.  as  yet,  far  oft.  No  proof  has,  so  far,  been 
given  that  pig-iron,  or  the  ordinary  descrip- 
tions of  wrought-iron  and  steel,  can  be  gen- 
erally produced  by  electricity  at  anything  like 
the  price  at  which  it  is  now  done  by  coal  In 
the  great  Industrial  centers.  Where  a  certain 
success  has  been  scored  in  the  electrical  met- 
allurgy of  iron,  it  Is  for  the  refining  of  or- 
dinary iron  into  a  superior  grade  of  steel 
which  fetches  an  extraordinary  high  price, 
and  in  the  production  of  certain  alloys  of 
iron  with  chromium,  nickel,  and  the  like, 
whereby  so-called  special  steels  are  obtained. 
But  If  at  the  present  moment  we  do  not  see 
our  blast  furnaces  and  Bessemer  works 
threatened  by  the  competition  of  electrical 
iron,  who  can  tell  how  soon  this  may  not  l)e 
the  case? 

The  limits  of  my  time  tim.N«  \j*ft^  Vk»  wfta^tv? 
reached  tot  tne  lo  <L\*co^Tt«  mv*^  tam.^'i  ^^^^'!^t 
probloma    wYvVcYi   v^ewsiiX.  \V«mw\N%%  \xl  N^st 
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ganic  applied  chemlBtry,  and  only  a  few  mln- 
.  utes  are  left  to  ipe|ik  of  those  belonging  to 
the  domain  of  organic  chemistry. 

I  will  point  to  only  two  problems  of  this 
kind.  One  of  these  is  the  substitution  of  ar- 
tificial for  natural  coloring  matters.  This,  in- 
deed, has  now  been  carried  out  almost  to  the 
bitter  end.  Long  ago,  one  of  the  oldest  and 
most  widely-used  coloring  mtttters,  that  con- 
tained in  madder,  succumbed  to  the  attacks 
of  the  chemists,  among  whom  the  names  of 
Bdward  Schunck  and  William  Henry  Perkin 
testify  to  the  glorious  share  taken  by  Eng- 
lishmen in  that  victory.  The  coloring  sub- 
stance of  madder — alizarine — Is  now  made 
from  English  coal-tar,  and  has  altogether 
.  taken  the  place  of  the  impure  form  In  which 
'  it  occurs  In  the  madder  plant.  The  growers 
of  this  plant  In  the  south  of  France  and  else- 
where have  had  to  abandon  Its  culture  alto- 
gether, to  their  great  sorrow. 

A  similar  fate  has  already  partly  overtaken, 
and  may.  In  the  end.  destroy  entirely,  the  cul- 
ture of  indigo,  most  of  which,  as  you  know, 
conies  from  British  India,  and  formerly  rep- 
resented H  value  of  some  four  million  pounds 
sterling  per  annum.  At  first,  after  the  great 
Munich  chemist,  Adolf  Baeyer.  had  prepared 
the  coloring  matter  of  indigo  by  synthesis  in 
his  laboratory,  the  planters  merely  shrugged 
their  shoulders,  and  that  with  good  reason, 
cincc  Haeyer's  processes  could  not  compete 
with  their  produce  in  resv>ect  of  cost  price. 
Another  circumstance  which  at  that  time  mili- 
tated against  artificial  indigo  was  this,  that  it 
started  fn^m  toluene,  the  total  available  quau- 
tit>'  of  which  substance  would  not  have  suf- 
ficed for  prv>d«clng  anything  like  all  the  in- 
dlgi)  requtr^^d.  even  if  no  toluene  were  use^l 
for  other  purposes,  which  is  out  of  the  ques- 
tion. But  this  state  of  matters  has  changed. 
Twelve  \ears  ag\>  the  late  Oarl  Houuiann.  as* 
sistant  pnUessor  In  my  laboratory  m  Zurich. 
dt?icoverod  the  synthesis  of  tndigx>tine  from 
naphthalene.  This,  like  tohiouo.  we  get  from 
ctvil-tav.  but  in  about  ton  Unios  the  quj^ntity. 
jso    th;U    thoro    is    no    foar    of    an>    so;4ro;t\    of 


naphthalene  even  in  the  future.  The  late  Dr. 
Rudolph  Knietsch  at  the  Badische  Anilin  und 
Sodafabrik  at  Ludwigshafen  gradually  trans- 
formed Heumann's  laboratory  process  into  a 
factory  process,  which  is  working  with  entire 
success  on  a  large  scale.  Synthetic  indigo- 
tine  is  now  manufactured  at  such  a  low  price 
that  its  competition  has  proved  a  severe  blow 
to  the  indigo-planting  interests.  Thus  the 
triumph  of  scientific  investigation  and  prac- 
tical skill  in  chemical  manufacturing,  gratify- 
ing though  it  be  as  a  splendid  achievement 
of  applied  chemistry,  is  a  sad  trial  to  many 
thousands  of  Indian  ryots  and  their  British 
masters;  and  this  is  merely  the  foretaste  of 
what  will  inevitably  happen  in  many  other 
cases.  What  is  food  for  one  is  poison  for 
another. 

Most  other  vegetable  coloring  matters,  sev- 
eral of  which  have  also  been  ssmthetically 
produced,  have  become  useless  by  the  dis- 
covery of  hundreds,  and  even  thousands, 
of  artificial  coloring  matters  far  exceed- 
ing them  in  beauty,  and  often  also  in  fast- 
ness. On  this  well-known  point  I  cannot 
dwell  now. 

In  conclusion,  I  would  touch  upon  what  is. 
perhaps,  the  very  gnreatest  problem  of  applied 
chemistry,  and  that  is  the  direct  production 
of  feeding-stufTs  for  man  and  beast.  The 
synthesis  of  alimentary  substances  from  in- 
organic matter  has,  up  to  this  moment,  not 
been  even  remotely  achieved,  nor  can  we  at 
present  so  much  as  guess  the  direction  in 
which  this  might  be  done;  whilst,  as  for  the 
production  of  food  from  sawdnst  and  other 
waste  organic  substances,  we  are  in  no  bet- 
ter case.  But  even  here  the  word  **impossi- 
ble"  should  not  be  pronounced.  In  a  more 
modest  form,  at  all  events,  chemistry  has 
found  magnificent  scope  in  that  qnarter — ^I 
mean  in  the  extraction  of  alimentary  sub- 
stances from  new  sources  and  in  the  increase 
of  production  from  old  one^.  The  colossal 
industry  of  beet -root  sugar  Is  an  instance  of 
the  former,  whilst  agricultaral  chemistry,  as 
a  whole,  works  in  the  latter  direction. 


THE  YIELD  OF  BLAST  FURNACE  G^ 

ITS  CALORIFIC  VALUE' 

By  PROFESSOR  JOSEF  VON  EHRENWERTH 


The  Incremslng  importance  of  the  watte 
of  the  hiast-furnace  aa  an  economic 
factor  in  Irun-Kmelting.  more  particularly 
aJiMY  their  siicceatful  application  In  driving 
sma-^nginea.  makea  it  neceasary  that  closer 
cuDtrol  ahould  he  exercised  in  their  disposal, 
for  which  purpose  an  easy  and  ready  means 
of  determining  the  total  quantity  available  at 
any  time  la  eminently  desirable.  The  author 
therefore  thinks  that  the  following  simple 
method  of  obtaining  such  a  determination  may 
be  of  interest  to  the  members  of  the  Institute. 
The  data  required  by  this  method  are: 

1.  The  weight  of  carbon  contained  In  the 
gases  corresponding  to  any  particular  unit 
weight  of  make.  Pay  100  kilograms. 

2.  An  analyais  of  the  gas  expressing  the 
roDStltuents  usually  determined,  in  percentage 
volumes. 

The  first  of  these  quantities,  the  carbon  in 
the  gaaes  tCg).  corresponds  to  the  total  car- 
bon  <C\)  in  the  materials  charged  into  the 
furnace.  I.  e.,  carbon  In  fuel  and  that  in  car- 
bon dioxide  contained  in  limestone  flux  or  un- 
calcined  carbonate  ores,  diminished  by  the 
amount  (C,)  absorbed  in  carburixing  the 
metal,  and  that  iCi)  in  unconsumed  fuel  car- 
ried away  by  the  gaa  and  intercepted  in  the 
dust-<atcher,  or: 

C,  =  C.  -  (C, +  C,). 

The  total  volume  of  the  gases  may  be  com- 
pfQted  from  the  heat  l>a1ance-sheet  of  the  fur- 
naces, where,  however,  they  are  expressed  In 
wetght,  and  no  allowance  is  made  for  carbon 
la  floe  duat.  An  inquiry  arising  out  of  a  prac- 
tical matter  for  a  directly  applicable  method 
of  computation,  applicable  to  all  cases,  haa  in- 
duced the  author  to  publish  this  note. 

The  analyses  of  the  gas  should  include  de- 
t^rmlnationa  of  carbonic  acid,  carbonic  oxide. 
:iaht  and  heavy  hydro-carbons  and  nitrogen, 
together  with  hydrogen  on  account  of  Its  high 
tp#<iflc  volume,  although  the  weight  is  usually 
unimportant.  The  calculation  depends  upon 
the  simple  proposition  that  the  ratio  of  the 
volume  of  gaa  produced  per  unit  of  make  to 


that  of  the  analysis  (100  volumes)  is  the 
same  aa  that  of  the  carbon  contents  of  these 
quantities. 

Supposing    the   analysis   to   show    the   con- 
stituents and  their  corresponding  volumes  to 

aCO,fbCOfcCH.HlC,H,+eH4fN=100, 
the  carbon  contained  per  100  cubic  meters  in 
kilograms  will  be — 

A  1.978a  + 1 1.252b  +  |  O..V»Hc  +  ?  I-  l^d  -  C, 
-  O.N^a  +  0.537b  -••  0.419c  -••  O.WMd       -  C, 
Or.  in  round  numbers — 

C»- 0.64  (a+b)  +  0. 42c*  l.OOd. 
The  corresponding  volumes  of  the  different 
constituents  per  100  units  of  make  will  then 
be  found  from  the  following  proportions: — 

^o 

For  CO,  in  cu.  m C„  :  C.-xCO, :  axCOj- — a. 


tt 


CO 


i» 


*A  ^p*r  rvad  st  lb*  Vlffona  meeting  of  the  Iron  and 
I   IsaCltais. 


Co:  C,-xCO:  bxCO- — b, 

C. 

and  so  on  for  the  remaining  constituenta. 

Or,  in  general — 

Volume   of    gaa    In    cubic   meters    per    100 
unita  make 

—  —  (a-l-b  +  c...) 

C. 

of  the  volumes  per  cent,  by  analysis. 

In  the  same  manner  the  total  quantity  of 
gas  is  given  by — 

Co 
G  =• 100. 

C. 

The  results  found  by  calculation* are  for  the 

gas  in  the  dried  state,  and  require  to  be  cor- 
rected for  the  water  vapor  derived  from  damp 
materials  in  the  charge  if  necessary;  and  the 
volumes  found  are  expressed  at  normal  at- 
mospheric pressure  and  a  temperature  of  0' 
C.  For  any  other  pressure,  b.  or  temperature 
t,  they  become — 

The  calorific  value  per  cubic  meter  at  0^  C. 
and  760  mm.  is — 


4U 
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W«»80.68COf86.00CH^140.C,H4+26.2H  calo- 
ri0H,  the  gas  being  supposed  to  be  free  from 
water. 

The  following  example  Illustrates  the  use 
of  the  method.  A  blast-furnace  making  white 
forgo  Iron,  with  charcoal,  from  spathic  ores 
(two-thirds  calcined  and  one-third  raw)  con- 
■umod  74  kgs.  of  fuel  per  100  kgs.  of  metal 
produced.     What  is  the  total  volume  of  gas? 

The  charcoal  contained — 
C,  85.1;  CO,,  3.26;  CO,  1.36;  CH^O.T  per  cent.; 

or  carbon  In  74  kgs. — 

«l>-97  +  iVm  +  0-4:^  +  0.;W  =  64-44  kgs. 
Carbon  of  (M)^  in  raw  oro      4.54 


Carbon  in  m^tal       3.12 

Total  carbon  in  gases     Cg  65.86 

The  gases  contained— 

CO2,  15.3;  CO,  25.6 ;  CH4,  0.7;  H,  1.3  ;  N,  571 

volumes  % ;  containing  carbon  22.0  +  0.29  —  22.29 
kgs.-  Cg 


65-86 
22-29 


.100  *■  295-47  cubic  meters  per  100  kgs., 


or  2,954-7  cubic  meters  -  104,350  cu.  ft.  per  ton. 


Total  carbon  in  innt4»rial»  charK^Hl  C»     68.98 


The  calorific  value 

(30.63x25.6))  +  (86x0.7)  +  (26.2x1.3)  = 
878  calories  per  cu'bic  meter,  or  98.4  British 
thermal  units  per  cu.  ft. 


STEAM  LOCOMOTIVES  VS.  ELECTRIC 

LOCOMOTIVES* 

By  MAX  TOLTZ 


Tho  \^ritor  nnIH  show  in  the  following  that 
tho  steain  loconiotlvo  proi>erly  Improved  is  by 
far  nioro  oconomioal  than  tho  oKn^tric  loco- 
uiottvo.  o\ou  (uking  it  (or  i^rantod  that  a  kil- 
ov^att  hour  of  oUvirtcal  powor  cv^uld  be  fur- 
nt^htxi  {It  tho  low  ttguro  of  0,6  ot.  at  tbe  bus- 
bar* Aud  rtt  O.S  ct.  offtvtlvo  for  traction  as 
uauuM  by  \Uv*.<r^  StlU\vt>n  and  Putnam,  who 
Oirihor  stato  ihat  si  Uon?t>-vK»wor  offO\'tivo  tv>»* 
ira<tuu\  xviU  \*o*t  ihoivforo  06  ci,.  of  which 
0.$i  ot.  is  fv^r  fuol  whou  ovmI  of  U.OOO  B.T.V. 
|H>r  ;snittd  vv*is  $^  iH>r  ton  of  :^v-MO  ;w.iuls. 
«nsl  0  t,-  v-:.  IS  fv>r  o!hor  is^woi'-hous^*  suj^i^t-.^^s. 
l?»K^\fct*r^ house  tAtxT  aiui  lU4*sutollA;\^v  of  ;H>^or 
hott;F^  o>iu i  viv.ow t . 

tV  aua'n  ic  ;he*T»  *:Atx'U\oi\',s  :,  ^fciV.  to  n^xvs- 

lo^v.lv.ov,^o  KT  u»  tv  >,er\*;Ar:.r  vA'  ^n1  dra>^' 
bar  HV  ^*C  '>.<*  txvoiv.o':',^^  v  :viv,  .^e  :1s uv^ 
^twu   >>    .^.;?   :iv.;>.or»    «^,•   ^N!t,  iv-A  I?    :>.At   ^*or 

V     .'•*  t    .    ■■  ,"      "^  A'     ,*'■■■'■•.'*       V'    > 

<    .0    .^,^    viviC  0/  ihi»  lat^r«c«ti» 


•  *■ 


The  average  freight  locomotive  is  actually  on 
the  road  not  more  than  six  hours  in  each 
twenty-four  hour  period  and  the  same  figure 
is  approximately  correct  for  the  passenger  lo- 
com  Olives.  Assuming  that  each  locomotive 
will  develop  during  the  six  hours'  work  at 
every  time  -50  D.  HP,  (a  very  low  estimate) 
the  total  number  of  HP.-hours  .per  annum  will 
then  l^  nearly  :^6.000»000,000.  In  the  re- 
ports of  the  Interstate  Commerce  Commission 
li>o:v  it  is  a*so  stated 'that  nearly  1156,500.- 
0»>0  ^t^re  ox^vnded  on  fuel  for  locomotives. 
Osvid'.u^  I  his  item  by  ihe  total  HP.-hours  per 
anuur^:  would  ^tve  a  cost  of  0.6  ct.  for  fuel 
jvr  :^  HP,  hov.r  vx">mpared  with  the  estimated 
v\>«::  of  ^.-.el  v>f  »>.o5  «..  as  above  mentioned 
w^or    iis^>v.u:::v$    :he    railroads    are    operated 


-»~K» 


Vtts  former  figure  is  practically 
xvr:-.v'.  :<;VA.:st'  we  know  :hat  on  the  average 
A  s  <N  iv.  \wz:oc:ve  will  use  twenty-eight 
•.WJL.'S  .*:  <:ea2i  j^r  KP.  hour.  The  average 
vvNit  v.v5\l  u  4  Ioooato:;ve  boiler  will  erapoiata 
aV,::  ?  ..'•<s  ,•'  wi:er.  wMch  would  necessitate^ 
«  -  >>s.  **:  atjl:  p«r  KP.-^ocr.  a(  $3  per  ton  of 
;  :«       -c. :•.*>,    jLr^,''!^.::^?  to  v.*  ct.   per  HP.- 

'-^,-  c  .^i^---  -*'  'i-e  s<»c  ecoaomical  work 
u*  W  .'.>'-.i.:5*d  iTos:  AX?  I>xtjiBao:lTie  seems  to 
1)#  uv:  i^*'.  >  .'T-i'e^^\x>i  >9ea«>e  tte  manage- 
it  oj   r\vi>l»   ^.itfr-xi:^  kaTs  prescribed  the 
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poller  of  big  train  tonnafe  to  the  detriment 
of  the  eenrlce.  The  mechanical  departments' 
re«onim«*ndations  regarding  smaller  tonnage 
and  higher  speeds  are  often  not  accepted  and 
In  consoquenre  it  will  be  found  that  the  loco- 
Botives  do  not  work  to  the  best  advantage. 

Although  a  good  deal  ha8  been  said  and 
written  lately  about  the  best  train  tcnnage.  It 
la  within  the  province  of  the  mechanical  de- 
part mem  of  a  railroad  to  establish  such  ton- 
nage by  (oniput  ng  the  different  data  corres- 
ponding to  the  diagrams  and  the  'ests  of  tlie 
locomotives. 

The  basis  of  later  calculation  of  the  (Ot$t 
per  draw-bar  IIP.  will  be  made  from  data  on 
the  Mallet  compound  enKiiit',  with  which  the 
test  |»erform:.nre  Ih  made  at  nine  miles  per 
hour  tn  ..L'.c  t;ra<)e.  working  with  saturated 
ateaiii.  white  with  superheiteU  steam  It  is  ai 
a  »|  e  h1  a  little  over  ten  miles.  Taking  the 
first  lase,  the  huTease  of  roal  consumption 
over  fl\e  tulles  per  hour  is  only  S'(,  while  the 
Increas  •  in  tmi-mile  huurs  over  flvo  miied  Ih 
T2';r  .\i  this  speed  the  coal  ronsumption  per 
D.   HP.-huur  is  2.6  lbs. 

This  is  a  remarkable  showing,  but  we  shoul  I 
not  to  hiitUr.ed  v^ith  the  r«  sui  obtained  in 
thitf  i>i*i*  !•(  hit nniuiivo  lMM-.ius«>  niori'  ct-ononiy 
ran  Ih*  derived  from  furthir  improvements, 
the  niain  features  of  which  will  be  referred 
to  lelow. 

Sut>«*rheating.> -During  the  h\»\  two  years  a 
suiceiti'ful  attenip:  has  leen  made  to  improve 
the  stvam  I  y  superheating,  which  not  alone 
ghes  hi«am  iH-oni:my,  but  uIho  saves  the  loal 
pile.  Mr.  Vaughan,  of  the  Canadian  Pacific. 
In  his  reiem  paper  on  supt*rheated  steam  loco- 
motives riad  before  the  .Xmerlcan  Society  of 
Mechanical  GnRlnorrh  hi  Indianapolis,  report- 
ed an  a^er^ge  sav.'ng  of  coal  at  15<;o  with  su- 
perheated o\er  saturated  >team  loiomotives, 
although  in  European  practice  these  results 
average  over  23'/r« 

There  la  no  doubt  that  this  economical  fea- 
tare  of  ateam  engineering  i^lll  be  adopted  and, 
with  a  little  more  vim  and  proper  attention  to 
the  parts  of  the  superheater,  better  results  will 
uttqut>frtiunubly  be  obtained.  (iri'nt  « relit 
should  be  given  Herr  Schmidt,  who  for  the 
last  ten  years  has  done  excellent  work  in  this 
line  in  Kurope,  and  the  writer  Is  fully  con- 
vinced that  in  a  few  >ears,  after  the  lotomo- 
tlT«^  superheater  has  be<>n  udapte<l  to  and  trl'*il 
la  our  railroad  practice,  a  greater  <Tononiy 
In  roal  than  has  teen  shown  ^o  far  will  be 
rsrorwed.  Consequently,  the  saving  In  coal 
by  the  u«e  of  auperheatcKl  Inatead  of  saturate*  J 
■Uan  will  te  assumed  to  be  2V[,. 


Superheating  In  General. — If  benefits  are  to 
be  derived  from  superheated  steam  and  re- 
sults are  to  equal  those  obtained  In  Europe, 
It  will  be  necessary  to  use  highly  superheated 
steam,  that  is.  steam  superheated  not  leaa  than 
250*"  F.,  and  if  possible  over  300*  F.  Bat 
with  the  use  of  such  highly  superheated  atoam 
certain  parts  of  the  locomotive  should  bo 
changed  and  a  careful  and  positive  Inbrleatlon 
should  be  arranged.  Although  so  far,  sight- 
feed  lubricators  have  brought  the  oil  to  the 
proper  place,  the  general  tendency  in  the  fu- 
ture will  be  to^arda  posltlTO  feed,  similar  to 
that  In  stationary  plants.  The  oil  that  Is  rec- 
ommended by  the  Standard  Oil  Company  la 
the  Gargoyle-Hecle  B.  having  a  flashing  point 
of  650*  F. 

Next  to  the  saving  in  coal,  by  the  use  of 
superheated  btoam,  comes  the  increase  in  the 
rapacity  of  the  boiler  and  the  saving  of  feed 
water,  which  averages  mor«>  than  30^r.  Thin 
feature  is  very  lmi»ortant  because  in  many  In- 
stances a  water  station  with  exceptionally  bad 
water  can  be  abandoned  or  used  for  •»mer- 
^ency.  Boiler  washings  will  be  reduced  and 
cost   of  water  supply  decreast'il   proi)ortlonnUy. 

Relatively  lower  or  normal  strain  pressures 
can  l)e  reverted  to,  which  will  insure  a  longer 
life  to  the  boiler  and  flri'-box  and  will  n*nder 
easi(>r  the  work  of  keepini;  the  various  Joints 
and  fittings  steani-tip;bt.  besides  f:reatly  miti- 
gating the  stay  bolts  diUlculty. 

In  consequence  of  lower  prt^ssures  the  cyl- 
inder diameter  should  be  enlarpf^d.  and  herein 
we  can  be  (sulded  by  the  experiments  which 
were  made  with  the  superheated  steam  loco- 
motives of  the  Prussian  State  Railway  by  Herr 
Robert  (larbe,  dire*  tor  of  the  mechanical  de- 
partment. In  his  recent  book,  **The  Steam 
Ix)comotive  of  the  PreH*»nt.**  Oarbe  propounds 
an  empirical  formula  of  cylinder  diameter  for 
superheated  locomotives,  but  does  not  explain 
how  he  arrived  at  it.  The  writer  assumes  that 
the  diameter  is  proportioned  to  the  average 
maximum  tractive  power  to  be  desired.  If 
this  is  the  ca^'e,  then  the  constant  or  coefll- 
ci«*nt  is  variable  to  the  steam  pressure  ad- 
lultted  at  the  valves,  .\ccordini;  to  Gar  be  this 
c(M'in<'ii>nt  "("•  ranges  from  26  to  30  for  steam 
pressures  of  133  lbs.  to  173  lbs.,  and  the 
cylinil'^r  diameter  ran  l>e  fiqured  from  his 
fonuulu.  \iT.: 

C       iV\  i>R)       26  to  ::0:  in  which 

d      diameter  of  cylinder  in  centimeters. 

1      stroke  in  centimeters. 

D    =  driving-wheel    diameter   in   centimeters. 

R      welKht  on  ^VV  \\t\n^t%  \xi  tsvvvx\^  v^^%  V\ 
meVrVc  \.«iv      \.\v^^  V.tw^.  vqxv*> . 
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Transposing  this  into  Bnglish  measure  the 
formula  will  be: 

C=  (d«l/I>R)  =3.66  to  4.23;  d  =  V(CDR/l); 
in  which 

d  =  diameter  of  cylinder  in  inches. 

I  =-  stroke  in  inches. 

D  =  driving-wheel  diameter  in  inches. 

R  =  weight  on  all  drivers  in  tons  of  2,000 
lbs. 

In  proportioning  the  cylinders  of  the  loco- 
motives of  the  Oreat  Northern  and  Northern 
Pacific  Railways,  equipped  with  the  Schmidt 
smoke  flue  superheater,  the  coefficient  "C" 
was  reduced  according  to  pressure  used,  bo 
that  for  a  200-lb.  pressure,  C  =  2.83  to  3.28. 
This  gave  a  cylinder  diameter  of  25%  ins.  for 
superheated,  with  an  admission  pressure  of 
165  lbs.  against  22  ins.  for  superheated  steam 
with  200  lbs.  admission  preesure,  stroke  30 
ins.  The  writer  believes  that  the  following 
values  of  "C"  will  work  out  satisfactorily  for 
freight  locomotives,  taking  in  consideration  a 
cut-off  of  30%,  viz.: 

C=3.95  for  155  lbs.  admission  pressure. 

C  =  3.55  for  175  lbs.  admission  pressure. 

C  =  3.06  for  200  lbs.  admission  pressure. 

It  is  important  to  support  the  piston,  not 
alone  at  one  end  by  the  cross  head,  but  at  the 
other  end  by  a  liberal  bearing  of  the  extended 
piston-rod,  for  the  purpose  of  preventing  the 
piston  proper  from  riding  on  the  cylinder  wall, 
thereby  decreasing  friction  to  a  minimum. 

In  order  to  overcome  difficulties  of  lubrica- 
tion with  the  use  of  highly  superheated  steam, 
slide-valves,  on  account  of  their  large  wear- 
ing surfaces,  should  not  be  employed.  Piston- 
valves  have  given  the  best  results. 

On  the  Great  Northern,  as  well  as  on  the 
Northern  Pacific  engines,  which  were  equipped 
with  the  Schmidt  smoke-fiue  superheaters,  the 
latter  piston-valves  were  employed  and  have 
a  diameter  of  12  Ins.,  while  Herr  Schmidt  rec- 
ommended 11  ins.  only. 

The  poppet  valve  is  best  adapted  for  highly 
superheated  steam,  because  it  has  a  small 
wearing  surface  and  is  getting  tighter  the 
longer  it  is  in  service;  besides,  its  location 
can  be  so  arranged  that  the  clearance  is  cut 
down  to  a  minimum  as  with  a  Corliss  valve. 

Very  little  need  be  said  about  the  piston 
rod  packing.  It  is,  of  course,  essential  that 
such  packing  should  stand  the  high  heat  of 
the  steam.  The  writer  found  a  composition 
of  80%  antimony  and  207^  lead  satisfactory. 

Feed-Water      Heaters. — Many      designs      of 

feed-water    heaters    have    been    proposed    and 

tried   on    locomotives,    but    all    have    failed    In 

one  respect.     After  a  short  time  the  elements 


have  been  filled  with  the  sediment  or  incmst- 
ing  matters  of  the  water,  which  flows  through 
them.  The  writer  tried  two  designs  years  ago, 
one  in  the  flre-box  and  one  in  the  smoke-box. 
The  former  was  applied  against  the  recom- 
mendations of  the  writer  and  the  exit  was  ex- 
actly as  expected;  that  is,  after  a  short  time  it 
clogged  up  entirely  and  exploded,  injuring  the 
fireman.  The  latter  heater  gave  so  much 
trouble  on  account  of  filling  up  that  it  was 
abandoned. 

During  the  last  year  a  feed-water  heater 
for  locomotives  has  been  tried  on  the  Bgyptian 
State  Railroad,  which  heats  the  water  in  steps 
and  utilizes  partly  steam  from  the  main  ex- 
haust and  partly  the  smoke-box  gases.  In- 
stead of  injectors  a  pump  is  employed,  the 
exhaust  of  which  gives  the'  first  step  in  heat- 
ing, from  which  the  water  is  forced  into  a 
second  heater  located  on  the  right  side  of  the 
engine'  above  the  cylinder  and  in  which  it  Is 
heated  by  a  portion  of  the  main  exhaust.  From 
here  the  water  passes  into  a  third  heater  on 
the  opposite  side  of  the  engine,  in  which  also 
a  portion  of  the  main  .exhaust  is  used;  then 
flowing  into  the  fourth  heater  which  is  located 
in  the  smoke-box,  from  which  it  is  fed  into 
the  boiler.  The  water  is  heated  in  the  differ- 
ent heaters  to  about  the  following  tempera* 
tures,  viz.:  Leaving  the  pump  at  90^  F.,  the 
second  heater  at  180*"  F.,  the  third  heater  at 
about  230''  F.,  and  the  fourth  heater  at  the 
flnal  temperature  of  about  340*  F.  It  is  re- 
ported that  the  saving  of  coal  with  this  ar- 
rangement on  the  locomotives  of  the  abo\e- 
mentioned  railroad  has  been  20.4%,  in  coal. 

Smoke  Consumers  or  Preventers. — ^The 
main  point  of  perfect  combustion  of  fuel  is  to 
admit  the  right  quantity  of  air  at  the  right 
place.  Several  devices  have  been  brought  for- 
ward, the  latest  of  which  is  that  of  Mr.  Tim- 
mis,  of  England,  and  which  has  been  published 
in  our  engineering  journals  recently.  By  its 
construction  a  thin  sheet  of  air  is  introduced 
above  the  fire  at  the  back  flue  sheet,  traveling 
in  the  opposite  direction  of  the  gases.  The  air 
which  Is  blown  in  by  a  small  fan  has  a  slightly 
greater  pressure  than  the  draft  above  the  flre. 
Mr.  Tim  mis'  device  has  been  tried  on  English 
locomotives  arid  it  has  been  stated  that  be- 
sides getting  smokeless  combustion,  it  has 
saved  coal  to  the  extent  of  15%.  This  may 
be  possible,  but  it  is  generally  conceded  that 
in  a  locomotive  not  more  than  10%  of  coal  is 
wasted  through  the  stack. 

Hollow  arches,  one  in  front  and  one  in  the 
rear  of  the  fire-box,  are  being  applied  to  loco- 
mo\V\es   cviv^  ^x^  ?;lvlug   good   results,   but  as 
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arclies  have  only  a  short  life  the  coat  of  alderahly  hy  a  perfect  stoker.  Roundhouse 
mewinf  them  ia  quite  an  item.  labor  on  the  boiler  will  be  minimized,  though 
There  la  no  doubt  that  a  conniderable  sav-  the  use  of  some  coals,  such  as  Illinois  and 
IBK  In  coal  can  be  obtained  by  Ketting  perfect  Iowa,  will  require  more  attention  to  the  clean- 
combustion,  and  for  that  reason  the  writer  Ing  of  the  smoke-flue  superheater.  Plre-boona 
will  employ  for  further  calculations  a  factor  and  flues  will  last  longer,  and  last  but  not 
of  S^  in  coal  aavlng.  leaat,  the  curse  of  uucleanllness,  due  to  loco- 
Boiler  Repairs. — Of  all  locomotive  repairs,  motive  smoke,  will  be  abated  under  conditions 
About  40^,;  are  chargeable  to  the  boiler,  and  of  perfect  combustion  in  the  flre-boz. 
It  will  be  found  that,  due  to  the  present  de-  In  making  statements  as  to  saving  in  the 
algn.  the  flre-box  and  the  tubes  need  the  most  items  of 

attention.     By  reverting  to  lower  pressures  la  (1)   Repaira  and  renewals  of  locomotives, 

opposition  to  present  practice  and  by  changing  (2)   Engine  and  roundhouse  men, 

the  construction  of  the  flre-boz  to  that  of  a  (3)   Fuel  for  locomotives  and 

water   tube  design,  the   repairs  can   be  mini-  (4)   Water  supply  for  locomotives, 

niicd.  assuming   that    all    locomotives    are   equipped 

That  there  are  great  advantages  in  a  water  with    the    aforesaid    improvements,    different 

tube  flre-boz    f stay-bolts   being  entirely   done  propositions  are  computed, 
away  with)  there  Is  no  doubt,  but  it  is  only  a  Aa  stated  above,  the  saving  in  coal  is  to  be 

question  of  simplifying  such  conntructlon  and  flgured   at   20Vr    by   superheating,   at   20'/r   by 

testing  it  out  and  the  writer  believes  that   it  feed-water  heating,  and  at  Tt^/r  by  perfect  com- 

Is    possible    to    design    a    water-tube    flre-boz  bustion.  an  aggregate  of  39.2Cr;  the  aaving  in 

which    will   reduce   boiler   repairs   73%.      This  locomotive   repairH.   items    (1)    and    (2)    30';^, 

means  that   the  total   locomotive   repairs  can  the  saving   in    water   supply   for   locomotives, 

be  reduced  307^  30r^. 

According  to  the  statistics  of  railways  for          The   first   proposition   which    naturally   pre- 
1904.    compiled    by    the    Interstate    Commerce  sents  Itself  is  to  deduct  from  the  items  of  the 
Commission,  the  repairs  and  renewals  of  loco-  1904  report  of  th^  luterstate  Commerce  Corn- 
motives  amounted  to  $115,000,000.  while  for  mission  these  \arlous  percentages,  which  will 
engine  and  roundhouse  men  about  $130,450.-  g'.ve  the  following  results: 
uo.i    were   ezpended.  *    With   improvements  to  3^^.^  ^^  $130,500,000   for  engine 
boiler  and  to  feed-water  apparatus  as  outlined          ^^^  roundhouse  men    <2) .  . .  .    $39,150,000 
above,    these    items,    in    the    opinion    of    the.  333^^  of  $156,500,000  for   loco- 
writer,   could   be    reduced    30rc.    which    would  ^^^,^.^    ^^^^^    ^3^ 61.348.000 

make  a  saving  over  $73,635  000  3^^,  ^^  $9,150,000  for  water  sup- 
Conclusions. — The  writer  has  dealt  with  im-  .      ^^^  2  ^^^  ^^^ 

provements   to   locomotives   which    in    foreign  * 

i»ractlce  have  been  successful  and  which,  with               m.i^i  •«ivi»A«*  aaa 

i*r«^fciw  uoTv  v^u  ou^^^oB.«»  «»  ,  Total  saving  per  year $103,243,000 

alight  changes,  can  be  adapted   to  conditions 

Ob  uur  railroads.  ^^  ^^^^  °^  account  has  been  made  for  re- 

Although  it  U  maintained  that  the  work  of  duction  of  repairs  and  renewals,  item  (1). 
the  engine  crew   has   been   increased.  ,due  to  The   second   proposition,   assuming  that  all 

the  magnitude  of  the  latest  type  of  machine,  ezisting    locomotives   are   of   the   lateat   types 

so  much  that  the  limit  of  its  capacity  has  been  using,  instead  of  4  ^  lbs.,  only  2.6  lbs.  of  coal 

reached,  it   is  believed,  that  by  applying  the  per  draw-bar   HP.,  as  stated   above,   and   are 

above  outlined  improvements,  the  work  of  ih*.«  equipped  with  the  saving  devices,  will  resolve 

rrew  will  be  decreased  in  many  respects.    For  ItJ^elf  into  the  following: 

Instance.   In  superheating  the  steam  less  coal  4  2.2';  leas  coal  for  modern  equlp- 

will  be  handled  by  the  fireman,  and  in  connec-  niont    $66,040,000 

tion  with  perfect  lubrication,  the  work  of  the  39.2%    of   $90,460,000    litem    3i 

steam    In    the   cylinders    will    be    greatly    Im-  about     35.160.000 

pro%ed.     There  should  be  no  blown-out  cyllu-  ( $!40.4riO.OOO.  $66,040,000,  $156.- 

der  heads  due  to  accumulation  of  water.     Bet-  300.000.  total  item  3) 

t^r  and  quicker  sUrtlng  of  the  train  will  be  3(k;    of  $115,000,000    (Item   1).. 

attained.      Failures    of    non-steaming    will    be  30';   of  $130,500,000   (Item  2)..      73.635.000 

avolJed  by  heating  the  feed-water.    There  will  30';  of  $9,150,000   (Item  4) 2.745.000 

be   fewer   leaky   flues  and   flre-bozes  and  the  

bard  work  of  the  t^rewMa  can  be  reduced  con-  Tola\  maNAt^t,  v^t   '^^ax \WV  ^^%^s^^^ 
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It  l8  estimated  that  the  three  improvements, 
▼iz.:  superheater,  feed- water  heater  and 
smoke-consumer  or  stoker^  can  be  added  at  a 
cost  of  less  than  $4,000  per  locomotive,  which 
will  make  a  total  expenditure  of  $188,000,000 
for  47,000  locomotives.  According  to  propo- 
sitions I  and  II  this  amount  would  be  repaid 
within  22  months  and  12.5  months  respect- 
ively from  the  saving. 

It  is  proper  to  repeat  the  statement  made 
by  Messrs.  Stillwell  and  Putnam  relative  to 
the  reduction  of  the  four  items  referred  to 
when  all  roads  are  electrically  operated.  They 
assumed  a  saving  of 

70%  in  item  (1),  Repairs  and  renewals  of 

locomotives; 
50%.  in  item   (2),  Engine  and  roundhouse 

men; 
50%  in  item  (3),  Fuel  for  locomotives,  and 
100%  In  item    (4),  Water  supply  for  loco- 
motives. 
Accordingly,   the  savings   would   be  as   fol- 
lows: 
Item. 

(D— 
(2)— 
(3)  — 


70% 

50%. 
50% 


of  $115,000,000. 
of  130,500,000. 
of      156,500,000. 


(4)— 100%  of 


9,148,000. 


$80,500,000 
64,860,000 
78,250,000 
9,148,000 


A   total    of $232,758,000 

This,  indeed,  looks  very  attractive,  but  the 
writer  leaves  the  criticism  of  these  assumed 
figures  to  his  brother  engineers. 


The  amount  of  capital  which  must  be  ex- 
pended to  obtain  these  doubtful  results  can 
hardly  be  imagined.  A  conservative  estimate 
would  be  several  billions  of  dollars.  Although 
the  estimated  savings  by  an  electrical  equip- 
ment might  warrant  such^  an  immense  expen- 
diture, the  improvement  of  the  steam  locomo- 
tive offers  like  inducements.  It  has  been  the 
boast  of  the  advocates  of  railroad  electrifica- 
tion that  with  an  electric  locomotive  double 
the  trailing  tonnage  can  be  hauled  at  double 
the  speed  of  the  present  steam  locomotive. 
The  writer  begs  to  state  that  the  steam  loco- 
motive of  today  (and  not  the  most  powerful 
one  yet  built)  takes  800  tons  singly  and  1,600 
tons  doubly  over  a  mountain  grade  of  2.27: 
with  a  speed  of  tf»n  miles  per  hour. 

The  electric  locomotive,  either  in  single  or 
multiple  units,  has  its  place  in  big  terminals 
and  In  tunnels,  but  it  cannot  in  its  present 
development  replace  the  steam  locomotive,  for 
trunk-line  service.  The  writer  has  investi- 
gated some  of  the  greatest  water  powers  In 
the  Rockies  and  In  the  Cascades,  and  he  ven- 
tures to  say  that  none  of  them  can  deliver 
electrical  power  per  draw-bar  HP.  per  hour 
for  less  than  0.5  ct.  Another  feature  over 
which  most  enthusiasts  of  electrification  stum- 
ble ip  the  high  power  factor  which  is  assumed. 
If  electrically  operated  today,  the  power  factor 
would  not  exceed  48%  on  three  typical  Ameri- 
can railroads:  the  Great  Northern,  Northern 
Pacific  and  Canadian  Pacific. 


NOTES  ON  LOW-PRESSURE  STEAM  TURBINES 

By  J.  R.  BIBBINS 

CONDENSED    FROM    "THE    ELECTRIC   JOURNAL" 


In  view  of  the  possible  development  of  low- 
pressure  steam  turbine  work,  which  seems 
probable,  judging  from  present  Indications,  a 
brief  discussion  of  some  of  the  Important  tech- 
nical points  Involved  may  be  of  Interest.  First, 
consider  how  much  energy  Is  available  In  steam 
below  atmospheric  pressure;  second,  what  per- 
centage of  this  Is  transformed  Into  work  by  the 
turbine;  and  third,  what  percentage  by  a  good 
steam  engine. 

Operating  between  15  lbs.  absolute  and  26 
ins.  vacuum,  the  steam  consumption  of  a  well- 
designed  steam  turbine  should  be  under  35 
lbs.  per  B.  H.P.-hr.  Now  the  heat  energy  re- 
leased In  adlabatlc  expansion  between  the 
above  limits.  Is  113.7  B.T.U.  per  lb.,  or  113.7 
X  778  =  88,500  ft. -lbs.     For  a  steam  consump- 


tion of  35  lbs.  per  HP.-hr.,  the  steam  thus  sup- 
plies to  the  turbine  3,097,500  ft-lbs.  per  hour. 
As  one  horse-power  is  equivalent  to  1,980,000 
ft.-lbs.  per  hour  (33,000  x  60),  the  turbine 
actually  uses  63.9%  of  the  available  energy  in 
the  steam  cycle.  That  these  figures  are  con- 
servative, Is  shown  by  the  results  of  a  series 
of  tests  recently  made  on  the  low-pressure  sec- 
tion of  the  low-pressure  half  of  a  1,250-KW., 
two-cylinder,  Westlnghouse-Parsons  turbine. 
At  full  load,  this  machine  showed  a  steam  con- 
sumption, working  between  atmosphere  and  28 
ins.  vacuum,  of  something  less  than  30  lbs.  per 
B.  HP.-hr. 

Considering  now  the  case  of  a  compound  re- 
ciprocating engine: — If  well  loaded,  release 
occurs  at  from   six  to  eight  pounds  absolute 
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rare,  even  with  a  high  vacuum.  This 
itm  a  blunt  "toe"' on  the  low-pressure  card, 
which  is  unavoidable',  except  with  a  very  large 
low-pressure  c>iinder.  But  this  increases  very 
materially  the  friction,  bulk  and  cost  of  the 
•nslne  without  very  much  ultimate  gain  from 
a  Iiractlcal  standpoint.  In  fact,  under  a  vari- 
able load,  the  triple-expansion  engine  may 
ahow  no  better  economy  than  a  compound.  But 
the  turbine  can  utilize  low-pressure  steam  to 
so  much  greater  advantage  that  it  becomes 
desirable  to  run  piston  engines  high  pressure 
with  low-pressure  turbine  between  engine  and 
condenser.  Thus,  the  turbine  acts  as  the  third 
cylinder  in  a  triple-expansion  system,  but  at 
a  much  higher  efficiency  than  possible  with 
piston  engines.    Assuming  two  1.2r>0-I.HP.  en- 


gines with  a  water  rate  of  2 1  lbs.  per  I.HP.  hr., 
enough  steam  would  be  furnished  at  atmos- 
pheric pressure  to  operate  a  l.fiOO-HP.  low- 
pressure  turbine.  This  represents  an  Increase 
in  power  for  the  same  total  steam  consump- 
tion of  66%.  If,  on  the  other  hand,  the  non- 
condensing  engines  were  run  condensing,  with- 
out any  change  in  cylinder  ratio,  not  more  than 
20^  Increase  in  power  would  l>e  realized  with 
15%  decrease  in  water  rate.  Thus,  for  the 
same  total  steam  consumption  per  hour 
In  the  two  cases,  this  method  of  con- 
necting the  low-prcsBuro  turbine  to  non- 
condensing  engines  yields  three  times 
more  additional  power  than  is  obtained  by 
runninc:  the  same  compound  engines  con- 
densing. 


CASE-HARDENING* 

By  G.  SHAW  SCOTT.  M.  Sc. 

Generally   speaking,   comparatively   little   is  exi)erlente  in  the  trade  to  be  especially  sult- 

anown  of  the  theory  of  the  proce»s  by  those  able  for  case-hardening. 

mho  practice  the  operation  of  case-hardening.  On   analysis   this   steel    was   found    to   have 

and    up   to   quite   recent   years   crude   rule-of-  the  following  composition: 

*»'i^'*   method,   were  almost   unlver»all.v   ap-  con.l.ln«Ml    carbon    OH  percent. 

piled.      The    production    of    satisfactory    case-  silicon                                       0  01 

hardened  material  Is  a  matter  of  supreme  Im-  Sulphur OOS          " 

popunce   to   many   engineering   undertakings.  Phosphorus'.'.".'.".'.'.'.'.'.'     o'o3 

and  especially  to  cycle  and  motor-car  making.  Manganese                                0  58 

in  which  there  is  often  required  very  hard,  yet  \^^^    j^y    dllference)' ." ." ."   99.16 

tough,  material  In  order  to  obtain  satisfactory  

results  In  everyday  use.  ^^^  ^^ 

Caae-hardenlng  Is   fundamentally  the  same  „ 

as  the  older  process  of  cementation,  the  chief  ^*   =»■''•   •»*"  °'    ^-•"-   '■°"«*  •^**'   *•"* 

polnu  of  difference  being  that  in  rase-bardcn-  """^  ""  *"»*'  *-*"•  '^"S'""  ""*  '"*"'**  '"  "'• 

lAK  ■   different   rarbon-cunveying   material    Is  •^'■*'"^*- 

tts«d    from    that    employed    In    cementation.  ^'»">'   f«'««-«'««-denlng   mixtures   were   tried, 

whilst  In  the  latter  process  the  carbon  Is  al-  '""<"'*^  '•"""  '"**^''  materials  as  burnt  leather 

lowed   to   penetrate  nearly   through   the   bars  ^''*'*"''  varieties),  wood  charcoal,  anthracite, 

and   to  form  merely  a  surface  or   •case"  of  ""K"""  •charcoal,  mixtures  of  barium  carbonate 

rarburlsed  metal  ""''  *'0<><1  charcoal,  etc.     Owing  to  Its  alDUMt 

Caschardenlng  Is  somewhat   allied   to   the  ""'versal    iumj    in    trade    circles    In    England. 

Harveylsing    and    Krupp    processes,    both    of  *'"""  '*'••'"'*''  **"  cmplo-^'d  ■»  !«»•  •iai>««*rd 

which  are  employed  for  the  hardening  of  ar-  '••"^hardening    material    throughout    the    re- 

mor-plate.     In  the  former  process  a  solid  car-  «'''"■*■''      ^wo  samples  of  this  material  In  par- 

bonaceous  cementing  material   is  employed—  "'"''"'  **'"«'  ^^^'"^'  ^^^  *>'  **''«^*'  ''*^«  *  "»»- 

uauallr  charcoal;  and  In  the  latter  a  gaseous  ""l^aW*  ^a'^^:  |»^>-  are  subsequently  referred 

hrdrocarbon  U  stated  to  replace  the  charcoal.  '"  ■*  "•"t"'"**  "^"  *"<*  "^^ 

MATERIALS  USED  IN  EXPERIMENTS.  '*""*  Preliminary  experlmenU  showed  that 

For  the  purposes  of  this  research  a  variety  ^^""^  **»  »  <»ffere«»fe  ««»  the  caws-hardenlng 

«r  eteel  wm  aeiected  which  has  been  found  by  ♦'"« '  ''»«  »"  •»»*  "'"""'■*  «»••»«•  <"  '^^  "'- 

_ bonizing    material,    samples    "A  *    and    "tt" 
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per  cent,  per  cent. 

Does  not  pass   10  sieve. ..  .68.0  72.6 

20  "      9.0  9.6 

30  "      4.2  5.8 

60  "      4.4  5.4 

90  "      4.0  3.8 

Does    pass           90  "      9.4  2.6 


99.0  99.8 

Practically  75  per  cent,  of  the  material  was 
comparatively  coarse;  and  there  was  rather  a 
high  proportion  of  very,  line  material  in  "A" 
as  compared  with  "B"  Sample  "B"  was  found 
to  contain  a  considerable  amount  of  unburnt, 
or  only  partially  burnt,  material,  and  this  is  a 
feature  in  a  case-hardening  material  that  does 
not  tend  to  reliable  work. 

Estimations  of  moisture  and  ash  were  made 
of  these  mixtures  with  the  following  results: 

Moisture  Ash 

per  cent.       per  cent. 

•A"     13.44  5.56 

*B"    24.68  3.60 

The  mixture  "A"  was  decided  on  as  stand- 
ard, and  an  estimation  of  the  amount  of  nitro- 
gen present  was  made  by  Kjeldahl's  method. 

The  composition  of  our  standard  case-hard- 
ening material  "A"  is  as  follows: 

per  cent. 

Carbon    (by    difference) 77.80 

Nitrogen    3.20 

Moisture    13.44 

Ash     5.56 


100.00 
For  heating  the  experimental  bars  in  con- 
tact   with    the    case-hardening    mixtures    cast- 
iron  boxes  4  ins.  by  2  ins.  by  1  in.  by   ^4-in. 
thick  were  used. 

The  muffles  used  were  Morgan  type,  heated 
by  Mond  gus.  and  capable  of  giving  a  temper- 
ature of  1.000'  0.  The  temperature  of  the 
muffles  was  recorded  by  moans  of  a  dire<.*t- 
readlug  Balrd  &  TaiUHk  thermo-couple  pyro- 
meter. 

INFLl'KNCE  OK  TKMrKKATrRE  ON   CASE- 

HAKDENING. 
The  tlrst  oxporlmouis  dealt  with  the  in- 
flueiuv  of  time  aiul  touuvraturo  uiH>n  carbon 
abi:orptu>u.  euH^loNiiij;  tho  standard  n^ixf.ire 
*\\/*  In  cvuiuoviion  svith  caso-harvlcixin*;  uvu- 
peratir.es.  it  iiia>  *oo  i»oiritovl  out  that  Mv  Os- 
mond's >Nork  has  showu  that  ihe  '.owo>t  pravuv- 
able  lomiHuauiiv.  i;s!u»:  iniro  lroi\  au.l  pv.v»* 
carbon.  \Ni'.l  Iv  not  muvh  Ivlow  S*oo  C.,  a  sttio- 
ment  whuh  was*  chockod  as  follow*:  Bar*  were 


heated  for  four  hours  at  700*  C.  in  "A,"  and 
subsequent  microscopic  examination  showed 
that  absolutely  no  carbon  penetration  had 
taken  place.  A  penetration — to  the  depth 
of  0.13  mm. — was  observed  after  similar  treat- 
ment at  800**  C,  while  at  900**  C.  the  depth  of 
carbon  impregnation  had  increased  to  1.58  mm. 

At  1,000**  C.  the  depth  of  penetration  was 
found  to  be  more  than  twice  that  obtained  by 
case-hardening  at  900**  C.  for  an  equal  length 
of  time.  At  temperatures  higher  than  900°  C. 
the  danger  of  overheating  the  metal  was  evi- 
denced, and  the  carbon  absorption  become  both 
"harsh"  and  irregular.  For  normal  case-hard- 
ening a  "case"  should  be  obtained  which  con- 
tains a  percentage  of  carbon  equal  to  that  of 
the  pearlite  eutectoid — namely  0.897c.  With 
more  carbon  the  "case"  in  its  "normal"  or  un- 
hardened  condition  shows  cementite  as  white 
rivers  surrounding  the  larger  masses  of  pearl- 
ite. 

The  specimen  represented  having  been 
heated  in  mixture"B"for  eight  hours  at  1,000' 
C.  showed  the  presence  of  much  cementite, 
which  is  generally  regarded  as  unsatisfactory 
In  case-hardened  articles. 

INFLUENCE    OF    TIME    AND    CEMENTING 
MATERIAL  ON  CASE-HARDENING. 

Having  briefly  considered  the  effect  of  var- 
ious temperatures  upon  the  depth  of  carbon 
penetration  when  using  a  standard  case-hard- 
ening mixture,  the  author  proceeds  to  consider 
the  effects  of  the  use  of  various  mixtures  for 
differing  periods  of  time,  the  uniform  tempera- 
ture of  900"*  C.  being  employed  throughout 
the  series. 

Using  specimens  3  ins.  long  and  6.5  mms. 
square  section,  the  following  figures  were  ob- 
tained : 

Barium 
Carbonate* 
Time  of  Burnt  Wood        and  Wood 

Heating     Leather  "A"     Charcoal      Charcoal 
2    hours       1.15  mm.        0.72  mm.        0.36  mm. 

4  1.5S  mm.        1.07  mm.        2.20  mm. 

5  2.30  mm.  1.58  mm.  2.84  mm. 
11*  2.S0  mm.  l.SO  mm.  3.17  mm. 
10  Right    across   specimen. 

V'youi  t^o<o  :-^^c^ul:s  it  will  be  seen  that  the 
T!'.o-t  I'apM  vt^tunration  look  place  when  using 
t*:o  i:'i\t'.iic  o;f  ^arium  carbonate  and  wood 
vhiivvM*.  v^:t'.v  t'.t  loust  penetration  resulted 
\VK^'\  il-K'  '  se  .'t  wood  charcoal.  However, 
Nv>u-i  iVo  '^o:i:  v^.^s  sMtRciently  prolonged,  the 
several  i:!i\s.'.L!<>  j;a\K'  approximately  the  same 
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CASE-HARDENINQ  MATERIAI^. 
These  are  very  varied  in  character,  and  In- 
clud*>  WfK>d  charcoal,  potaiwium.  ferro-cyanlde. 
potaasluni  cyanide,  petroleum.  sa!>,  bone,  horn, 
^aphlte.  burnt  leather,  bone  black,  acetylene, 
barium  carbonate  and  charcoal,  coal  gas.  8u- 
li;ar  charcoal,  etc.  What  is  moHt  noteworthy 
in  connection  with  this  list  Is  that  of  all  the 
materials  mentioned  those  that  give  the  most 
rapid  case-harden  ins  effect  are  those  which 
either  contain  nitrogen  in  some  form  or  other. 
or  else  have  the  power  of  utilizing  atmois- 
phertc  nitrogen. 

NITROGEN   AND   CASE-HARDENINQ. 

The  case-hardening  materials  in  common 
commercial  ufe  contain  nitrogen.  It  is  obvi- 
ous that  unless  practical  experience  had  shown 
that  nitrogen  aided  the  process  in  some  way. 
no  one  would  think  of  using  a  contly  nitrogen- 
ous material  in  place  of  charcoal  or  anthra- 
cite. ihe«e  being  well-known  poseible  substl- 
t  ites  which  cost  only  as  much  per  ton  as 
burnt  leather  co^ts  i>er  cwt. 

To  prove  how  slight  was  the  effect  (meas- 
ured by  carl)on  penetration)  of  heating  the 
standard  steel  bar  with  materials  other  than 
those  which  contain,  or  supply,  nitrogen,  ex- 
periments were  made  with  anthracite,  and 
also  hard  coke.  The  carbonaceous  material 
in  each  case,  together  with  the  bar  to  be 
treated,  was  packed  gently  in  one  of  the  Fpe- 
rtal  Iron  boxes,  carefully  luted  down,  and 
heated  In  a  muffle  for  four  hours  at  900"  C. 
After  this  heating  it  was  found  that  there  was 
penetration   to  the  following  extent: 

a  Anthracite.  ..  .0.15  mm.    on    6.3-mm.    bar 
b   Best  hard  coke. 0.1 6  mm.   on    6.5-mm.   bar 

With  a  bar  under  exactly  similar  condi- 
tions, but  using  as  a  carbonizing  material 
burnt  leather  "A"  Instead  of  the  above,  a  peno 
t ration  of  1.38  mm.  was  obtained.  From 
this  It  will  be  seen  that  the  effect  of  the  ni- 
troc«noua  mixture  was  to  increase  the  depth 
of  penetration  during  the  initial  stage  of  case- 
hardening  In  the  ratio  of  about  ten  to  one. 
Henr«  it  will  be  recognized  that  nitrogen  must 
play  a  very  Important  part  in  the  pro^'ess  of 
ca»e-hardening.  Experiments  were  undertak- 
en fn  test  this,  and  resulted  as  follows: 

Two  exactly  similar  bars  of  standard  stee! 
were  selected.  One  was  heated  in  an  atmos- 
phere of  ammonia  for  four  hours  at  550^  C. 
The  other  received  no  treatment.  Afterwards. 
both  were  heated  In  separate  cast-iron  boxes 
In  a  non-nitrogenous  carbonaceous  material 
I  sugar  carbon)   for  eight  hours  at   1.000'   C. 


The  mean  figures  of  a  series  of  thehe  experi- 
ments showed  that  the  "ammonia  bar,"  as 
compared  with  the  untreated  bar.  had  re- 
ceived greater  proportionate  penetration  Id 
the  ratio  of  45  to  32.  The  high  temperature 
employed  was  specially  favorable  to  the  non- 
nitrogenous  material,  and  had  the  heatinff 
been  conducted  at  a  lower  temperature,  the 
difference  would,  in  all  probability,  have  t)een 
still  greater. 

Subsequently  an  apparatus  was  made  to 
pass  dry  ammonia  into  the  case-hardening  box 
during  the  whole  period  of  heating  In  the 
muffle.  For  this  purpose  one  extremity  of  a 
piece  of  H-in.  gas-pipe  was  screwed  Into  the 
end  of  one  of  the  boxes.  The  other  extremity 
projected  outside  the  muffle  and  was  con- 
nected to  an  apparatus  for  giving  dry  am- 
monia. 

In  the  same  muffle  as  the  above  l>ox.  and 
placed  side  by  side  with  it.  was  an  ordinary 
box.  Both  were  filled  with  sugar  charcoal  as 
a  non-nit rogonous  carbonizing  medium,  and 
among  the  ciiarcoal  Kevt^ral  tost -bars  were 
placeJ. 

The  muffle  containing  the  two  boxes  was 
kept  at  !>00^  C.  for  four  hours:  a  stream  of 
ammonia  being  passed  through  the  special 
box.  escaping  through  a  minute  hole  drilled 
in  the  lid.  Afterwards  the  boxes  were  al- 
lowed to  cool,  ammonia  still  passing  into  the 
special  box.  On  subsequent  superficial  exam- 
ination the  *'non-ammonla"  spcycimens  were 
found  to  be  bluish-black  In  color  and  quite 
soft  to  the  saw.  On  the  other  hand,  all  the 
ammonia-treated  bars  possessed  a  distinct 
whitish  luster,  and  presented  a  tough  outer 
skin  to  the  saw.  Microscopic  examination 
showed  that  whereas  the  bars  which  had  re- 
ceived no  ammonia  treatment  gave  a  penetra- 
tion figure  of  1.4  4  mm.,  those  which  hai  been 
treated  with  the  gas  had  been  iienetrated  by 
the  carbon  to  the  extent  of  l.SO  mm. 

It  will  be  seen  that  ammonia  did  cause  a 
slight  Increase  of  carbon  penetration. 

•TWINNING'*  RESISTING  FROM  AMMONIA 
TREATMENT  OF  BARS. 

Mention  Is  made  of  the  peculiar  results  ob- 
tained by  heating  bars  at  a  certain  tempera- 
ture in  ammonia.  After  treatment  with  am- 
monia for  four  hours  at  550'  C.  the  Imra 
Hhowcd  a  bright,  silvery  luster,  and  on  micro- 
scopic examination,  a  structure  at  the  edge  of 
each  specimen  was  observed  which  showed 
wry  obvious  "twinning."  Photographs  showed 
these    twin-crystal    areas,    otL«    v^^*^^   ^^tsv^^- 
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atratlDg  th«  slroDK  reBemblance  of  parts  of 
tha  ktructure  to  that  of  a  bar  of  worked  cop- 
per. 

That  twin  cryHtalB  were  not  present  In  the 
barH  before  treulment  wbb  proved  by  repeated 
■tiid  tmreful  mliTOHcoplc  examination  at  high 
itowom  of  the  orlglnul  material. 

A  uulform  structure  was  always  observed 
riKhl  tlirouKh  tbe  bar.  To  show  that  the 
"twIuiilnK"  was  not  produced  by  the  distor- 
tion of  the  bar  by  mechanical  strain,  a  bar 
WHS  hold  tn  the  vise  and  bent  backwards  and 
fnrwHrds  sevenil  times  until  fracture  oc- 
curred. No  twill  crystals  resulted  from  this 
treutnieut,  or  from  other  tests.  It  ts  there- 
turn  evident  that  these  twin  crystuls  were  not 
pTMU'nt  in  thu  orltclnul  steel,  nor  were  they 
4uduo«d  by  any  subsequent  mechanical  treat- 
lueut.  but  ttial  th<'y  were  proilucud  by  heating 
tbo  bnrti  for  a  niorc  or  less  prolonged  period 
M  uuU''  V.  Ill  nu  Btniuiii>lu<re  of  aiuuionia. 
THKOItV  OK  fASK-li.VltllENlNQ  IX  PHE3- 
KNCK  OF  NITROGEN. 

It  uppoaro  to  tK>  cit'ar  that  nltroseu  tn  some 
form  Is  uii-essnry  tor  tlie  prnctli-al  perform- 
«ni-«  of  lase-hordi-ninB.  and  the  queeilon 
therefore  nrisi<s  ns  to  tho  lununer  In  which 
ulimi!cn  Hssista  tht>  rate  ut  carburlialluu.  That 
the  tTfK'  lias  Itself  has  no  etteci  uiion  steel  had 
iKVn  piMved  both  by  tiulUt>t  and  by  Urauue. 
AmiuouU.  ou  Iho  other  bund,  la  absurt>eJ  t<y 


Iron,  and  the  experiments  above  recorded 
prove  that  It  causes  an  Increase  In  the  rate 
of  carburlzatlon  when  carbonaceous  material 
1b  present.  This  latter  fact  suggests  that  am- 
monia Itself,  while  being  the  prime  ag.iut  in 
any  change,  may  conceivably  lead  to  the  for- 
mation of  cyanogen,  and  that  this  cyanogen 
may  act  upon  the  Iron  thus: 

2CN+3Fe,=2  Fe,C+aN 
from  which  it  will  be  seen  that  the  cyanogen 
may  act  as  a  carrier  ol  carbon  to  the  metal  to 
be  carburlzed. 

This,  however,  does  not  explain  why  car- 
burlEatlOD  takes  place  at  a  lower  temperature 
when  nitrogen  compounds  are  present.  But 
It  has  been  shown  that  after  steel  has  tieen 
heated  In  ammonia  "twinning"  Is  observed. 
Now,  since  Osmond  has  shown  that  twinning 
can  only  result  when  Iron  or  steel  Is  tn  tbe  -r 
condition.  It  Is  reasonable  to  assume  that  the 
metal  has  been  changed  from  the  a  to  the  ^ 
state.  Vnder  normal  conditions,  metal  at  550' 
C.  would  certainly  be  In  the  o  condition.  Ni- 
trogen, we  may  conclude,  should  therefore  te 
added  to  the  list  of  elements  which  cause  Iron 
to  take  or  retain  the  y  form.  And,  since  t 
iron  combines  more  readily  with  carbon  than 
does  a-iron.  this  action  of  nitrogen,  on  the 
Iron,  would  appear  to  explain  suOlclently  Its 
benedcial  effect  during  the  early  stages  ol 
the  process  of  case-bardening. 
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WORKING  UP  OLD  PRINTED  PAPER 


FROM   -PAPKR    HAKINQ.  "   LONDON 


L'awd  priDled  P*P«r  and  pap»r  cuttlDgB  hare 
Bmr  an  important  place  nniong  ibe  raw  mai«- 
rtala  o(  pap«r  maautacture,  So  much  la  this 
tka  case  that  larce  eatabllBbmcDta  etial  tor 
a»rtlnc  pnrpoau  0DI7.  and  maoy  middlemen 
ocrupr  UwinialrM  cntlrel]'  wltb  paper-scrap*. 
p<1at«d  or  oitiarwla«. 

Tba  chiaf  polota  to  be  borne  In  mind  In 
wrklnc  ap  waaw  primed  paper*,  la,  tbil  the 
■■w  papn  moat  lie  at  least  aa  good  aa  the 
arlslna]  pap«r.  I.e.,  capable  ot  belug  UB«d  as 
that  papar  waa,  that  no  special  plant  ahould  tio 
aaedMl.  and  that  the  coat  of  the  proceaa  should 
aoc  b«  prohlbltlY*.  It  these  conditions  are  ful- 
Blled  thera  to  no  rvaaon  why  the  same  celiiilose 
should  pot  be  converted  into  paper  many  limes 
oier.  Titer*  must  ot  course  be  an  end  to  Ihls 
procedure.  «hi^n  the  llberH  are 
I  op  BO  much  that   tliey  cannot  torm   a 


Tb«  chl«r  dinculty  In  the  wu>'  ot  otitalnlnt;  a 

■aabla  palp  from  prlntad  pa  pen  Is  presented 

by  the  printlnc  ink,  and  means  hare  therefore 

(o  ba  aought  of  i;«iUdk  rid  ot  this  substance, 

Tb«  ladellblllty   of  printing  Ink  Is  proverbial. 

bat   althcMigh    It   catmot    be    rvmavdd    without 

dulatasratlnjc  the  paper.  It  can  t>e  remored  at- 

Ur  or  dnrlBK  that  disintegration. 

^_   Tahta»  the  chiet  sort  ot  printed  papar.  vie: 

^pt  Bcwapapera,  we  And  an  Inferior  [laper  made 

^Vvood-pvlp,  cellulose  and  tlllliim.   Tbo  prlnt- 

^Btc  on  It  mar  be  regarded  as  (be  result  of  Ihe 

Jrrlac  of  a  mU(ur«  ot  Snely  divided  Innipblark 

with  an  nUj  vebtrle.     Ob  examlnInK  &  prlntod 

IvtWr  uB4er  a  hlith  power,  the  binrk  partlrlca 

at  tampblack  and  the  icrny  dry  residue  ot  the 

vAlda  t»a  otlta  be  clearly  dittorentlated. 

Tka  prlnrlplv  which  underlies  Ihe  removal 
of  yrlstlnit  Ink  from  pap^r  la  thua  obTloaely  tu 
•npioT  ai«BU  whlrb  will  destroy  or  diaaolva 
Ik*  vahlrlc  which  binds  the  lampblack,  or 
nU*r  pismwat  icolorvd  prlnTlnc  Inks  are  now 
M  atfonalve  oaet,  10  the  paprr 

Tbo  Rnt  atnp  la  to  tear  up  and  disintegrate 
tfc,  waaia  paper  In  th«  ordlnar>-  manner.  Thu 
•MoIUdk  pulp  !■  al«*«d,  and  It  will  t>«  found 
*kat  wUU  ()>•  fiber  r«nalna  on  the  alove  a1- 
«a«t  actlrelT.  a  fine  sta<r«  helnfi  ot  course  ust-d. 


a  large  part  of  the  plcment  which  baa  bean 
mechantralty  looaened  from  tha  flbar  during 
the  dlslntegraUon  of  the  aame  paoaes  through, 
together  with  much  of  the  binding  Tohlclo  and 
nearly  all  tb«  weighting  and  fllllag  bodlea 
present  In  tba  original  paper.  This,  of  courM, 
much  tacilitai«s  the  subsequent  treatmont,  aa 
the  pulp  from  the  alere  is  already  partly  tr««d 
from  Ink  and  other  foreign  bodlas.  One  pro- 
cess to  which  It  may  be  subjected  Is  that  of 
Knopf  (German  patent  127,1410).  This  ta**n- 
lor  treats  the  pulp  from  the  aieve  with  aoap- 
eolullon,  it  la  then  xleved  again,  and  the  soait 
carries  most  □(  tbo  remaining  pigment,  which 
It  has  loosened  from  the  fiber,  through  th« 
sieve.  The  amount  ot  soap  required  naturally 
varies  within  wide  limits.  I.e.,  from  3  to  2Sn 
of  th«  wmlght  nf  the  waste  puller,  arcordlng  10 
the  character  of  Ilio  paper,  and  the  nature  and 
amount  ot  the  printing  Ink  present  The  ptiip 
on  the  sieve  Is  rinsed  free  from  lh«  esc*w  of 
soap  wltb  water.  It  la  esaantlal  to  work  th« 
process  throughout  without  artificial  heal, 
ospeclally  when  It  la  a  quostlon  ot  cheap  print- 
ing Inks  made  from  rosin  oil.  Heat  would  In- 
due* oxidation  ot  iho  rehlclo.  and  rnable  It  to 
resist  (he  solvent  action  of  the  soap. 

Such  a  procMsa  ontalla  )oaa  ot  finely  divided 
Bber  during  alevlng,  and  the  conversion  ot  th« 
TPblcIe  and  nitlag  Into  a  ly*  or  emulsion  which 
will  not  only  escapa  through  the  slav*  but 
carry  tb*  pigment  with  It,  la  never  completo, 
MO  that  the  best  result  Is  a  pulp  of  a  decidedly 
doubtful  white.  Tho  loss  of  fiber  la  often  n 
very  serious  item,  and  sulBclenl  of  Itself  to 
make  the  process  unrainn&oratJve.  On  th« 
whole  lb*  best  proc»dur«  la  KnopTs,  using  two 
alevas,  on«  balow  the  other,  and  both  m  Bm 
aa  possible.  In  this  war.  the  naamt  approach 
to  a  white  pulp  which  can  b«  got  With  a  lam^ 
blank  Ink  la  secured.  Tb«  ancond  alev«  saves 
much   wast*  of  fiber. 

In  conduelon,  It  abonld  b*  notad  that  tb«M 
remarks  itr*  oonrertwd  with  lunpblach  Ink 
only.  Uany  ot  th*  colored  priming 
Inks  now  In  vogue  are  •ostly  d*atray«d  hr 
bloachlng  ag*nts  wlihoat  any  Injurr  to  th* 
paper-flbor. 
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LUBRICATING  OILS 

By  J.  H.  COSTE  and  E.  T.  SHELBOURN 

CONDENSED  FROM  "PUBLIC  WORKS,"  LONDON 


The  very  varied  requirements  of  modern 
machinery  have  rendered  the  question  of  lubri- 
cation and  lubricants  one  of  the  greatest  im- 
portance to  engineers,  while  the  examination 
of  lubricants  forms  an  Important  branch  of 
the  analytical  chemist's   work. 

The  word  lubricant  is  derived  from  the 
Latin  lubricus — slippery — a  word  which  very 
well  expresses  our  popular  conception  of  a 
lubricant — a  thing  which,  adding  slipperiness 
to  rubbing  surfaces,  causes  them  to  move 
over  one  another  easily. 

Were  it  not  for  friction  or  loss  of  energy 
caused  by  the  rubbing  of  surfaces  together, 
motion  once  imparted  to  a  body  would  con- 
tinue for  ever;  as  it  is,  however,  an  appalling 
amount  of  energy  is  consumed  in  all  mechani- 
cal contrivances  in  overcoming  friction.  Fric- 
tion, like  most  properties  of  matter,  has  its 
useful  side — belt-driving,  the  rolling  motion 
of  all  self-propelling  vehicles,  most  brakes  for 
stopping  machinery,  screw-propellers,  and 
many  such  devices  would  be  impossible  were 
It  not  for  friction.  It  is,  however,  and  must, 
from  the  earliest  application  of  such  a 
simple  means  of  economizing  power  as  the 
wheel,  have  been  an  aim  to  reduce  the  fric- 
tion between  working  parts  of  a  machine  to  a 
minimum.  It  may  be  of  interest  to  quote  a 
statement  made  by  Prof.  Goodman  as  to  the 
loss  of  power  due  to  friction. 

"Out  of  every  ton  of  coal  consumed  for 
engine  purposes  some  400  lbs.  to  800  lbs.  are 
w^asted  in  overcoming  the  friction  of  the 
working  parts  of  the  motor;  and,  further, 
every  machine  driven  by  a  motor  also  wastes 
a  large  percentage  of  the  remaining  power  by 
its  own  friction.  One  would  not  be  far  short 
of  the  mark  in  saying  that  from  40  to  SOTc 
of  the  luel  is  consumed  in  overcoming  fric- 
tion. This  extremely  wasteful  state  of  affairs 
is  most  unsatisfactory,  and  happily  can  be 
greatly  improved  by  a  due  observance  of  the 
laws  of  friction  and  lubrication." 

THE  THKOHY  OF  FRICTION. 
Wo   know    that    if    two  solid   plane   surfaces 
are  placoii  in  contact  it  requires  a  perceptible 


amount  of  force  to  slide  one  over  the  other, 
even  in  a  case  where  the  surfaces  are,  to  the 
eye,  absolutely  smooth;  we  know,  however, 
that  such  a  thing  as  an  absolutely  smooth 
surface  is  impossible — the  smoothest  surfaces 
are  really  slightly  serrated  or  irregular,  and  it 
is  conceivable  that  friction  is  due  to  inter- 
locking of  these  irregularities. 

That  friction  increases  with  the  load  caus- 
ing contacts  occurring  between  sliding  or 
a  well-known  fact.  It  is  for  sliding  surfaces 
approximately  proportional  to  the  load.  Now 
if  some  device  could  be  adopted  for  prevent- 
ing contacts  occurring  between  sliding  or 
rolling  surfaces,  the  loss  of  energy,  heating 
and  consequent  wear  could  be  very  much  re- 
duced. The  device  usually  adopted  is  that 
of  interposing  a  third  substance  which  is  of 
such  a  nature  as  easily  to  accommodate  it- 
self to  the  shape  and  area  of  the  surfaces  in 
question,  and  the  friction  between  the  par- 
ticles of  which  Is  so  small  that  these  particles 
will  freely  move  over  each  other. 

Let  us  consider  what  this  means.     An  or- 
dinary solid,  like  a  block  of  steel,  cannot  easily 
be  altered  in  shape;  great  pressure,  continued 
impact  or  intense  heat  are  necessary  to  alter 
its  form.     It  is  an  excellent  material  for  mak- 
ing  rubbing  surfaces  of,   but  not   a  suitable 
material  for  lubricating  them,  because  its  par- 
ticles   possess    such    great    mutual    attraction 
that   they   will   not   easily   roll   over   one  an- 
other.    Nevertheless,  steel  is  used  in  a  some- 
what similar  manner  to  that  of  which  we  are 
speaking.      In    the    bicycle    ball-bearing   very 
true  spheres  of  steel  by  their  rolling  reduce 
the  friction  which  would  occur  between  rub- 
bing bearings.     Now  suppose  we  have  a  great 
number  of  such  steel  balls  or  of  shot,  they 
will,  as  you  know,  easily  Accommodate  them- 
selves  to   the   shape  of  any  vessel   in   which 
ihey  are  poured,  in  fact,  their  behavior  sug- 
gests that  of  a  fluid.     It  is  indeed  a  suitable 
fluid    which    we    want    to    introduce    between 
our    rubbing   surfaces — a   snbetmnoe   the   mil- 
lions of  particles  of  which  will  so  easily  roll 
over  each  other  that,  like  the  shot*  they  will 
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ip  the  shape  of  any  vessel  in  which  they 
laced. 

intlng  for  the  time  that  an  ideal  lubri- 
s  to  be  a  fluid    let  U8  connider  what  sort 
Id   It  Is  to   be.      When   we  consider  the 
9  of  fluids  we  see  than  our  analogy  of 
balls    or   shot    begins    to   break     down. 
U  a  cohesion   between  the  particles  of 
d   of  a  different   nature   from   that    be- 
the    shot.      Fluids    form   skins,    so   to 
.  on  their  surface,  and  according  to  the 
k'e    amount   of   surface    tension,    as    this 
Bcy    is   called,   have   greater  or   less   at- 
ju  for  the  surfaces  with  which  they  are 
Dtact.      Mercury,   for   example,    will    not 
e  to  the  surface  of  glass  to  such  an  ex- 
IS  to   "wet**  it,  although   there   Is  sum- 
attraction    between    mercury    and    glass 
event  the  passage  of  air  between  them 
»  case  of  a  barometer.     There  are,  how- 
some  surfaces  to  which  mercury  will  ad- 
In    the   case   of   glass,    wood,   steel   or 
^nware,  the  surface  tension  of  mercury  is 
ich   greater  that   it   will   stand   off   with 
s  edges,  even  forming  globules  In  small 
Itles.     Other  liquids  have  such  low  sur- 
tensions   and   low   internal    friction   that 
win   almost   immediately   spread   over   a 
.*«  on   which  they   are  dropped,   such   as 
atlne.     water,     alcohol.     These     liquids, 
from  their  easy  volatility,  are,  owing  to 
small   internal   friction  and  low  surface 
m.     unsuitable     for     lubrication.     They 
I  not  keep  the  surfaces  sulllciently  apart 
event     them    rubbing,    and    they     would 
1    lieyond    the    rubbing    parts.      At    first 
It  would  appear  that  the  lower  the  frlc- 
>f  the  particles  of  the  lubricant  the  bet- 
would  be;  but  this  shows  it  Is  not  so,  in 
as   will   be  seen,   thickening   agents   are 
Imes     added    to     lubricants   to     increase 
natural   internal  friction.     The   internal 
>n  of  liquids  is  so  very  small  compared 
that    of    solids    that    the    most    viscous 
,  wuuld.  if  In  other  respects  suitable,  lub- 
ftolid   rubbing  surfaces.     We   have  just 
use  of  the  term  *' viscous."     Viscosity  is 
ame  applied  to  this  internal   friction   of 
which  we  have  been  considering.     It  is 
i^ary    that    liquid    lubricants    should,    be- 
pOKsessIng    suitable    viscosity    and    sur- 
lenslon.  be  so  "oiiy  that  they  will  keep 
ibrloated  surfaces  sufficiently  apart.   For 
pie,   glycerine   is   a   very   viscous   liquid. 
I  of  little  use  as  a  lubricant,  because  the 
formed  between  surfaces  may  be  so  thin 


that  eflflclent  separation  Is  not  maintaln«'d.  Oils 
vary  very  much  in  this  respect.  Animal  oils 
are  the  most  oily — that  is,  form  the  thickest 
minimum  films — vegetable  oils  less  so,  min- 
eral oils  still  less  so.  To  an  extent  this  prop- 
erty follows  that  of  viscosity. 

Having  briefly  considered  the  theoretical  as- 
pect of  lubrication,  we  will  premise  that  the 
requirements  of  machinery  are  very  varied. 
Lubricants  are  required  for  both  high-  and 
low-speed  machinery,  for  rubbing  and  for  roll- 
ing surfaces,  for  very  different  pressures,  for 
different  temperatures,  both  local,  as  in  parts 
of  an  engine,  and  climatic,  and  for  work  un- 
der varied  atmospheric  conditions  as  in  air. 
In  steam  of  varying  temi>eratureH,  in  incan- 
descent gas.  as  in  a  gas-engine  cylinder.  Thiii 
being  so,  it  is  fortunate  that  we  have  a  very 
wide  range  of  materials  from  which  to  choose. 

Before  considering  the  nature  of  oils  used 
for  lubricating  purposes,  it  may  bo  well  to 
consider  certain  features  which  would  be  ob- 
jectionable In  oils  intended  for  these  purposes. 

Obviously  the  first  class  of  constituents  to 
which  objection  would  be  raised  includes 
those  which  would  reduce  lubrication,  assum- 
ing viscosity  to  be  suitable.  They  are  (a) 
constituents  mechanically  reducing  lubrica- 
tion, as  hard  solid  particles  of  sand,  metal, 
metallic  oxides,  etc.;  these  could  be  removed 
by  filtration:  (b)  constituents  which  reduce 
lubrication  by  "gumming"  or  oxidation  Into 
more  or  less  varnish-like  masses,  such  as  are 
obtained  by  oxidation  of  "drying"  oils;  (c> 
constituents  which  reduce  lubrication  by  car- 
bonizing or  "charring"  (this  o<*curs  only  In 
oils  used  for  high-temperuturo  cylinders,  but 
sometimes  causes  much  trouble  owing  to  the 
formation  of  considerable  masses  of  solid  car- 
bon); <d)  constituents  causing  chemical  ero- 
sion of  rubbing  surfaces,  as  free  fatly  or  min- 
eral adds  tthe  latter  having  Iteen  used  In 
purifying  the  oil). 

Another  highly  objectionable  and  dangerous 
class  of  constituents  are  those  of  such  a  Tola-* 
tile  and  inflammable  nature  that  the  oil  la 
liable  to  "flash"  at  the  teni|>erature  at  which 
it  is  being  uFed  when  a  light  is  brought  near 
it.  These  constituents  also  from  their  low 
viwosily  roducv  the  original  viscosity  of  thi» 
oil,  which  vl.-icoslty  will  increase.  |H*rhaps  to 
an  objectionable  oxtont,  as  heat  causes  them 
to   evaptirate. 

gi'ALlTIKS   OF   GOOD   LfBUlCANTS. 

We  find,  then,  that  a  suitable  lubricaut 
should  be: — 
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(1)  Of  a  proper  consUtency  to  feed  ^ell 
with  the  lubricating  arrangimeiiti 
and  under  the  temperature  con^i- 
tioDH  required. 

(2)  Of  such  viscosity  and  "oiliness"  as 
to  reduce  friction  to  a  minimum. 

(8)   Contain  a  minimum  amount  of  con- 
stituents prejudicial  to  its  sustained 
effect. 
(4)   Bnfe  in  use. 

These  requirements  indicate  somewhat  the 
linos  on  which  the  examinations  of  lubricants 
have  to  bo  conducted. 

In  the  first  place  inspection  will  show,  in 
the  case  of  doar  liquids,  whether  any  solid 
particles  are  present,  if  the  oil  is  not  suffi- 
ciently clear  for  this,  flltration  through  por- 
our  (Alter)  pnpor,  linen  or  very  fine  wire 
game  will  separate  such  particles,  which  may 
bo  freed  from  oil  with  ether  and  examined. 
If  of  a  hard  and  gritty  nature  the  lubricant  is 
obviously  unsuitable  for  use  without  sedi- 
mentation or  flltration. 

The  pnwenco  of  constituents  which  cause 
**Kumming**  can  be  detected  by  exposing  thin 
la^'om  of  oil  to  an  elevated  temperature  for 
8onu>  hours  and  noting  whether  any  **thick- 
enlng"  or  formation  of  a  skin  has  occurred. 

CarboniiuUion  or  "charring."  which  some- 
tlnu^  occurs  in  high-tenuK»rature  cylinders,  is 
protvably  due  to  the  reiH>ated  use  of  oil  con- 
laintng  fatty  matter,  isaponiflable  olM  or  to 
overheating,  due  to  InsutHcient  supply  of  hi- 
bricant.  Whore  tnniblo  of  this  kind  has  oo- 
currotl.  tests  \\>utd  bo  ma;io  with  lubricants 
prtHH>so\l  for  use  by  keeping  them  at  a  snitablo 
oloxattM  lowi>t*rAtuT\>  for  some  days  and  ihen 
^.):aminfni:  by  dilution  with  a  light  s<^l\*ont.  as 
other,  and  ^ottlomont  of  any  soHd  iv^rticlos 
>irbich  had  fornuHi. 

KVoo  fatt>  Acids,  n^in.  or  mlnoral  acids  t^an 
bo  \\isr;y  do:ovM*Nl.  and  thoir  amount  and 
nat;iro  dc;ormi;uNl  b>  noutr.-^V.ratu^n  t^;:h  an 
Alkalino  Sv^utton  of  Vr.ox^n  stron^iih*  and  b> 
con  air.  c"«'"^^»«Atno  •<'^;^:s.  VoiA:'."**  OAM;s:;:uor4t'i 
of  an   :r,f.,'<r/.*4V.AV'r   v.;-.:;:;v   vav.   N^   douv'.o,',   >> 

a n  o;^»' v.  * ; •. r  ^^v  *. r.  a  s ;  a r. .". a ■%*,  t o :  r.;  of  a r *,v> :  A « 
li;s  s.:**>.  A>   i^.o  IV ".Ay  Vatut, 

Tt^ii'  .s  ''..'."  .'  >>a;sv.  V:r.ss  s^^  c.,'.  V>f  *■-■.*'»  :# 
c%^s<v.  *. '  v.or, ;.^  o;  a  *  o>of.,;  r^L  *;4  >.A^*,nc 
a  T^rf.''-  ?'  •  «n;  :v>  .*  ^  : r  c  >.*.  :,>r  f » : ;.  a:^*.  >>  :»^faii« 
v>f   A    t^v.  r.t     ^v,-  jXx    i  .:r..r.j:    ;>sO   >**r   tho 

*^^»fT.:r.t•*  ■ :"        ,"  >  ■."..*  a^v  :v.a,<.o  r^  <WaftCi«l»  Wttll 
,%^  rvw,^'.-,:  s'c    .  :  r>  \7iC    U4,   *■**   *   aafc^lfc 


flame  at  the  same  time  dips  through  the  cen- 
tral opening  into  the  space  above  the  oil  in 
the  cup,  igniting  the  vapor  as  soon  as  the 
flash-point  is  reached.  Through  the  center  of 
the  lid  a  stirrer  passes,  consisting  of  four 
vanes,  two  for  mixing  the  vapor  and  two  for 
the  oil.  A  thermometer  passed  through  the 
lid  gives  the  temperature  at  which  the  flash 
takes  place.  The  whole  is  mounted  on  a  tri- 
pod and  heated  by  means  of  a  bunsan  burner. 

The  total  loss  on  heating  for  two  hours  to 
the  temperature  of  boiling  water  affords  a 
good  criterion  of  the  total  amount  of  "vola- 
tile matter" — that  is  to  say,  of  matter  which 
will  probably  be  lost  by  evaporation  in  work- 
ing the  lubricant. 

The  suitability  of  the  consistency  of  a  lubri- 
cant at  ordinary  and  low  temperatures  consid- 
ered in  reference  to  the  question  of  feeding 
can  be  determined  by  means  of  the  melting  or 
solidifying  point  in  the  case  of  a  grease  or  of 
an  oil  for  warm  climates,  or  by  means  of  a 
fluidity  test  at  a  low  temperature — 1.  e.,  ascer- 
taining at  what  temperature  the  oil  ceases  to 
flow  on  cooling  in  a  freezing  mixture.  Ordin- 
ary "machinery"  and  "cylinder"  oils  should 
not  cease  to  flow  when  cooled  to  a  tempera- 
ture of  25'*  F. — this  test  indicates  the  absence 
of  any  noticeable  amount  of  solid  paraffin. 

Viscosity  Is  determined  in  an  Instrument 
called  a  "viscometer."  This  is  usually  simply 
a  vessel  which  can  be  filled  to  a  standard 
height,  w^ith  a  hole  of  standard  size  in  the 
bottom  and  a  standard  measure  for  the  fluid 
to  flow  into.  The  number  of  seconds  required 
to  fill  this  vessel  when  the  oil  is  flowing  at  a 
given  temperature  through  the  hole,  having 
started  from  the  standard  level,  is  the  figrure 
usually  recorded.  Heating  apparatus  is  ar- 
ranged for  the  viscometer  in  the  form  of  a 
jacket  filled  with  oil  or  water.  In  this  coun- 
try Rt>d wood's  viscometer  is  the  standard  in- 
strument. 

This  arivaratus  consists  of  an  inner  cylinder 
of  s:*\ v:\vi  ix^pper,  about  IT^  ins.  diameter 
Ar.*<.  ;^*T  -t:*^  doep,  the  slightly:  concaved  metal 
^.^;•..^ru  of  whiih  contains  an  agate  jet,  with  a 
;v.s>ricv  i*r:/.t'i  through.  12  mm.  long  and 
r  oa:  .>  *,  *  r.',r.i,  diameter.  The  orifice  is 
vos:*^,:  V\  r.tAr-s  of  a  brass  ball  valve  fixed  to 
A  ^  .:y  *>.:>.  f.:s  :s:o  the  hemispherical  cav- 
::*  or  :>.f  ACAie  ;e:.  This  inner  cylinder, 
m>;c>.  >.o;,*$  :^c  vxl  :o  be  tested,  is  enclosed 
\r.  A  VtArt'',*  »vT7v-r  vessiel.  fnmislied  with  a 
tav  AT.d  A  y.f-.K;::rg  tube  proJecUng  at  an 
a«i$V»  «M  4,^'  :o  t^c  r>de  and  excise  to  the  hot- 
t«Mi;  lliH  or:y>T  xvts^et  ccataiBs  oil  or  water, 
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by  mcttns  of  which  the  temperature  of  the 
Inoer  vessel  Is  maintained,  and  is  furnished 
with  a  stirring  apparatus,  consisting  of  four 
neial  vanes  fixed  to  a  copper  tube  which  re- 
volves round  the  inner  cylinder.  A  thermo- 
neler  Is  fixed  to  the  stirring  apparatus,  and  a 
second  thermometer  is  fixed,  by  means  of  a 
spring  clip,  in  the  inner  cylinder.  A  small 
pointer  or  stud  fixed  on  the  side  of  the  inner 
cylloder  marks  the  initial  height  at  which  the 
oil  should  stand  when  testing.  When  the 
temperature  is  reached  at  which  it  is  desired  to 
ascertain  the  viscosity.  50  c.c.  are  allowed  to 
run  Into  a  graduated  flask,  by  raising  the'  ball- 
ralve.  and  the  time  occupied  noted  in  seconds 
by  means  of  a  stop-watch. 

FATTY   AND   MINERAL   OILS. 

Of  oils  alone  we  have  two  great  classes — 
fatty  oils  and  mineral  oils.  Fatty  oils  are 
derived  from  a  \ariety  of  animal  and  vege- 
table substances.  The  mention  of  these  at 
once  suggests  the  obvious  division  into  animal 
and  vegetable  oils — a  distinction  which  is 
based  not  only  on  difference  of  origin,  but  a 
difference  in  chemical  constitution,  sufficient 
In  most  cases  for  absolute  distinction.  All 
these  oils  have  one  property  in  common — 
when  treated  with  an  alkali,  a  suitable  acid. 
or  with  certain  natural  ferments,  they  will 
take  up  the  elements  of  water  and  split  up 
Into  a  fatty  acid  or  mixture  of  fatty  acids  and 
glycerine.  As  this  change  is  usually  carried 
oat  by  means  of  alkali  with  which  the  acids 
combine  to  form  a  soap,  the  change,  properlv 
called  hydrolysis,  is  commonly  called  saponifi- 
cation, and  such  oils  are  said  to  be  saponl 
liable. 

A  definite  amount  of  alkali  is  required 
which  varies  within  certain  limits,  according 
to  the  nature  of  the  oil  and  within  much  nar- 
rower limits  in  the  case  of  different  speci- 
mens of  the  same  kind  of  oil.  This  being  the 
case.  It  Is  to  chemists  a  useful  and  easily  ob- 
tainable figure  on  which  to  base  an  opinion  as 
to  1 1 )  the  nature  of  a  saponifiable  oil.  or  ( 2  1 
Its  freedom  from  other,  especially  unsaponi- 
liable.  oils,  or  (3)  the  approximate  amount  of 
fatty  oil  present  In  a  mixture.  This  splitting 
up  of  a  saponifiable  oil  into  its  constituents  by 
hydrolysis  or  saponification,  which  is  very 
similar  to  the  decomposition  of  a  salt  into  ari  i 
and  base,  forms  the  great  distinction  between 
fatty  and  mineral  oils. 

Mineral  oils  are,  except  for  their  oiliness.  of 
iJi  satlrely  different  character  from  fatty  oils. 
ars  of  rsIsUvely  recent  Introduction,  and 
ks   grouped    Into    two   principal    classes 


according  to  their  source — i.  e..  shale  oils  ob- 
tained by  artificial  d  stillat'.on  of  certain  car- 
bcjnaceous  minerHls.  and  rock  oils,  obtained 
by  boring  and  then  tapping  natural  "wells" 
or  refeer\oirs  of  mineral  oil. 

In  either  case  the  product  consists  only  of 
carbon  and  hydrogen,  whereas  fatty  oils  also 
contain  oxygen;  hence  mineral  oils  are  called 
hydiocarbon  oils,  and,  from  their  origin,  pe- 
troieum — stone  or  rock  oil — and  unsaponlll- 
able  oils,  because  they  cannot  be  saponified 
but  are  unaltered  by  acids  and  alkalies.  Crude 
petroleum  is  a  very  complex  product;  It  con- 
tains an  enormous  number  of  chemical  indi- 
viduals of  varying  properties  which  are  by 
distillation  separated  into  groups  such  as  the 
following: 

0.665-0.67 — Petroleum  ether. 
0.68-0.72 — Petroleum  benzine,  motor  spirit. 
0.72-0.78— Ligroln. 
U.7S-0.82 — Burning  oil. 

Residue  in  retort — lubricants,  vaseline,  solid 
paraffin. 

Shale  oil.  originally  discovered  by  Young, 
and  by  him  distilled  from  the  mineral  known 
as  Torbane  Hill  mineral,  is  still  largely  dls- 
tillei  in  Scotland;  rock  petroleum  is  found  In 
the  Crimea  Caucasus  (Baku).  Galicia,  various 
parts  of  North  America.  Rangoon  and  other 
places.  The  largest  amount  imported  to  this 
country  comes  from  America.  The  portions 
of  petroleum  which  interest  us  most  In  con- 
nection with  lubricating  oils  are  those  heavier 
fractions,  the  Fpeciflc  gravity  of  which  Is 
about  0.9  compared  with  water  as  1.0,  and 
which  are  of  a  more  or  less  highly  viscous 
nature.  The  lighter  oils  are  such  very  mobile 
fluids,  their  surface  tension  and  viscosity  both 
being  low,  that  they  would  allow  rubbing  anr^ 
faces  to  come  into  intimate  contact,  and  "cnt- 
tinf;*'  or  abrasion  would  occur  to  a  very  great 
extent. 

One  drawback  to  the  use  of  fatty  oils,  apart 
from  questions  of  expense,  etc.,  is  their  ten- 
dency to  become  acid — that  is,  a  portion  of 
the  neutral  fat  splits  up  into,  probably,  a 
dlRlyccride  and  free  fatty  add — a  sort  of  prs- 
liniinary  or  partial  saponlflcation  under  the 
influence  of  ferments  (enxymes)  natural  to 
the  oil  of  certain  natural  impurities  or  of  air: 
the  action  Is  rather  obscure.  Be  this  as  It 
may.  the  effect  is  certain;  very  few  oils  are 
absolutely  neutral,  some  are  very  decidedly 
acid.  Such  are  likely  to  attack  the  metal  of 
bearings  and  of  lamps  to  greater  or  less  ex- 
tent, but  sufficiently  to  render  \Bk5:kt«  VVv^  %^ 
tery   tew   vet   cetiv   o\  \tc«  WVVe   %r\^  V^  ^^ 
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cases  an  absolute  disqualification  for  lubricat- 
ing or  burning  oils. 

Speaking  generally,  carefully-prepared  ani- 
mal oils  are  less  liable  to  become  unduly  acid 
than  vegetable  oils,  probably  owing  to  either 
the  absence  of  acid-forming  enzymes  in  the 
animal  fats  or  the  effect  of  heat  used  in  ren- 
dering the  oil  on  any  enzymes  which  may  be 
present. 

Animal  oils  vary  within  less  wide  limits  in 
general  chemical  properties  than  vegetable 
oils.  They  are  for  the  most  part  mixtures  of 
only  three  glycerides,  tristearine  and  tripalm- 
itin  and  triolein,  and  hence,  although  difTer- 
ing  in  consistency,  do  not  exhibit  very  great 
differences  as  lubricants;  for  example,  no  ani- 
mal oils  or  fats  "dry"  in  the  manner  w^hich 
characterizes  linseed  and  other  vegetable  oils 
— they  are,  in  fact,  very  little  liable  to  "gum- 
ming" or  similar  chemical  alteration,  and  may 
be  considered  to  more  closely  approach  a 
state  of  chemical  equilibrium. 

MINERAL  OILS. 

Of  recent  years  the  large  group  of  oils 
known  as  "mineral  oils" — that  is,  the  heavier 
portions  of  natural  petroleum  or  of  the  prod- 
uct of  distillation  of  shale — have  found 
enormous  application  as  lubricants.  Their 
freedom  from  acidity,  when  properly  prepared, 
their  absolutely  Inert  character  In  relation  to 
chemical  action  on  the  bearing,  and  also  the 
fact  that  they  are  obtained  In  large  quantities 
as  by-products  of  a  great  and  well-financed 
Industry,  have  tended  to  make  them  very 
popular  lubricating  materials. 

Some  petroleum  oils  are  sufficiently  viscous 
for  use  In  the  natural  state  without  further 
purification  other  than  seillmentatlon  and  fil- 
tration. Very  little  such  oil  Is  now  produced. 
Petroleum  oil,  rich  in  lubricating  constituents 
but  too  fluid  for  use  without  removal  of  the 
lighter  const  it  uonis.  is  prepared  by  distillation 
in  vacuo  or  with  a  current  of  sioam.  so  that  in 
either  case  a  high  tomporatuio  which  would 
cause  *oraiking*  or  dosiructi>o  distillation, 
thereby  iuoriwsiug  the  proportion  of  burning 
oil,  nwiy  bo  a^oidod.  C>lindor  oils  of  good 
qualii)  Mro  obiaiaod  in  this  \\ay.  Filtration 
through  «niiual  charooul  is  a  moans  of  further 
purif>ing  and  I'.oaring  the  oil.  This  process 
of  pripaianon  is  laTiod  reduction,  and  the  oils 
Thus  ob:;r.nod  aro  va.'nd  rod u cod  oils — reduced 
in  xo.umo  and  iV.iidity  from  the  original  oil* 

l^i>f:Uod  oils  are  obtained  from  **retidaoiii«'* 
the  rcsidv.o  rouia.iunj;  m  the  retorts  aftar  t^ 
distiHation  of  iH>troleum  for  bura^ 
resuiuum  is  drawn  from  tb«  at! 


particles  of  coke  formed  by  overheating  of  the 
still  locally  and  consequent  "cracking"  of  the 
oil,  and  then  distilled  In  vacuo  or  in  steam;  by 
this  means  a  high-flash  burning  oil  is  first 
obtained  and  then  the  lubricating  oil  comes 
over.  This  is  collected  in  separate  fractions 
or  the  whole  Is  allowed  to  mix.  The  residue 
in  the  retort  is  mostly  carbon,  which  is  used 
for  electric  light  carbons.  The  lubricating  oil 
is  mixed  with  paraffin  wax,  and  after  purifica- 
tion with  acid  and  then  alkali,  to  remove 
various  objectionable  constituents,  is  reduced 
to  a  very  low  temperature  to  cause  the  sep- 
aration of  the  wax.  The  fluid  oil  is  squeezed 
from  this  by  hydraulic  pressure  and  re-dls- 
tllled,  various  portions  from  spindle  oil  to 
(sometimes)  cylinder  oil  being  collected.  It 
Is  not  usual  to  make  such  heavy  oils  as  cyl- 
inder oil  in  this  way. 

These  oils  are  usually  classed  as  light  and 
heavy  machinery  oil,  low  temperature  cylinder 
oil  and  high  temperature  cylinder  oil,  etc 
The  colors  vary  from  a  fluorescent  yellowish- 
brown  to  a  black  or  green,  and  the  consistency 
from  that  of  a  rather  viscous  liquid  to  a  sub- 
stance thicker  than  treacle. 

CHOICE   OF  LUBRICANTS. 

It  win  be  seen  that  the  engineer  has  a  fairly 
wide  range  of  substances  from  which  to 
choose;  fortunately  so,  for  his  requirements 
are  very  varied.  All  sorts  of  bearings,  from 
the  lightest  pivot  of  a  watch  to  the  propeller 
shaft  of  a  liner,  need  lubrication  to  keep  them 
In  motion  without  undue  wear  or  overheating; 
for  this  is  the  way  In  which  the  internal  work 
tlost  work)  of  a  machine  manifests  itself.  The 
choice  of  a  suitable  lubricant  for  any  one  pur- 
pose is  not  always  an  easy  matter.  The  con- 
ditions Inside  a  high-pressure  cylinder,  for 
example,  are  very  different  from  those  on  a 
dry  shaft  (I.  e.,  not  wet  with  steam),  or  those 
again  from  the  sliding  friction  of  a  piston-rod 
slide.  The  cylinder  of-  a  gas-engine  full  of 
whlie-hoi  pas  requires  a  different  type  of  oil 
again.  These  varied  conditions  are  met  not 
only  by  ihe  use  of  different  types  of  oil  but  by 
the  admixture  of  oils.  Mineral  oils  with  more 
or  less  fatty  oil,  preferably  animal,  are  used, 
the  animal  oil  being  added  to  Increase  both  vis- 
cosity  and  "oiliness**  at  higher  temperatures, 
for  mineral  oils  fall  off  rather  more  rapidly  in 
these  rg'spects  on  heating  than  fatty  oils.  It 
Is  a  matter  for  regret  in  some  ways  that  this 
addiUon  should  be  necessary,  for.  especially  in 
*^  caaa  of  cylinder  oils,  the  presence  of  the 
«r  mpoBlllable  oil  introduces  the  possi- 
C  fomation  of  free  fatly  add,  which 
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itUck  metal,  and  forms  a  soap,  thus  re- 
M  lubrication,  and  by  the  erosion  roughen 
robbing  surfaces,  this,  too,  in  a  place 
I  Is  not  easily  accessible.  When  the  oils 
Are  of  good  quality,  however,  the  danger 
t  so  great, 
e  Ufce  of  greases  made  of  oils  or  fats  with 

aloe  or  other  soaps  is  another  means  of 
nlng  lubrication  of  surfaces  which  are 
dcd  to  great  pressure.  Opinions  differ 
much  as  to  the  advisability  of  this.  The 
us  tests  which  have  been  mentioned  fur- 
«  good  guide,  in  that  they  will  indicate 
iresence  of  known  objectionable  constltu- 
and  glre  some  criterion  as  to  the  probable 
rlor  of  an  oil  In  use.  The  viscosity,  for 
pie.  If  taken  at  various  temperaturoH  will 
•ome  guide  as  to  the  consistency  of  an 
:  those  temperatures.  There  is,  however, 
"Innately  no  very  simple  means  of  deter- 
ig  the  *'olllne&8"  or  real  lubricating  power 
I   oil.     Various   machines  have   been   de- 

In  which  by  means  of  friction  brakes  or 
nometers  the  lubricating  powers  of  oils 
r  conditions  more  or  less  closely  simulat- 
:hose  of  actual  use  may  be  determined, 
ilthough  useful  results  may  be  obtained 
»me  cases,  the  conditions  In  the  case  of 
r  machinery  are  very  difficult  to  imitate. 
ly  rate  In  any  ordinary  laboratory. 


The  following  are  for  the  pro8<»nt  the  lines 
on  which  the  euRlneer  and  analytical  <-henilst 
can  co-operate  with  rosuItH  Uheful  and  Inntruc- 
tlve  to  both.  Know.ng  ihe  general  requite- 
ments  of  the  case — i.  »v.  volorlly,  pr^'snun?. 
etc. — some  samples  of  probably  suitable  oils 
could  be  examined,  and  those  which  appeared 
unobjectionable  and  wito  of  suitable  viscosity 
tried  experimentally  on  the  machinery.  That 
which  in  the  opinion  of  the  (•ngineer  was  most 
suitable  could  then  be  adopted  as  a  ntandard 
which  should  be  "matched"  by  supplies  for 
use  on  the  machinery.  This  plan  is  not,  per- 
haps, simple  or  very  cheap,  but  a  few  guineas 
Fpent  on  analyses  would  l;e  preferable  to  the 
damaging  of  valuable  machinery  by  unsuitable 
oil. 

It  is  difficult  for  the  chemist  fully  to  under- 
stand engineering  requirementn,  especially  it 
he  is  not  on  the  spot:  it  is  very  difficult  to 
make  representative  small  scale  tests,  and  in 
respect  of  actual  tests  on  the  machinery  one 
can  see  that  the  engineer  is  very  much  in 
the  hands  of  his  subordinates,  who  are  not  in 
all  cases  capable  of  making  a  Kood  practical 
experiment  in  a  really  economical  manner  and 
are  not  always  so  entirely  free  from  preju- 
dice, conscious  or  unconscious,  as  is  desirable 
in  those  who  are  to  undertake  what  is  really 
a  Judicial  investigation. 


HARDENED  STEELS 

By  PERCY  LONGMUIR 


e  ultimate  te^t  of  a  hardened  Hteel  \a  its 
Ing  life  as  a  tool,  and  while  it  may  not 
Ifflcult  to  obtain  the  requisite  hardness. 
dllflcult  to  obtain  it  with  freedom  from 
ing  or  cracking,  from  briiileness  or  rot- 
•a.  and  from  warping.  The  hardness 
alone  Is  therefore  insufficient,  an.l  th4* 
ecognitlon  of  this  fact  in  the  literature 
rtfening  is  to  be  regretted.  This  is  not. 
ver,  the  only  omission,  and,  generally 
;ing,  the  literature  of  hardening  bears 
little  relation  to  the  practice  of  harden- 
As  a  result,  practical  men  view  with 
isl  researches  on  hardening,  especially 
founded  on  results  deduccKl  from  micro- 
ti  examination.      So    much    is    this   the 

m  •  pmv*f  read  at  tta«  Vtrnna  invellnK  of  ibe  Iron 
Ml  Inilllulr. 


case  that  the  microscope  is  regarded  by  many 
t.-ompetent  workers  as  having  hopelessly  failed 
to  be  of  service  in  the  case  of  hardened  steel. 
As  a  matter  of  fact  no  metallographical  In- 
vestigation yet  published  has  been  of  the  least 
service  as  a  guide  to  the  thermal  treatment 
of  high-si)eed  steels,  and  with  few  exceptions 
comparatively  little  information  of  value  has 
been  given  on  the  hardening  or  tempering  of 
carbon  steels.  These  statements  do  not  neces- 
sarily imply  the  condemnation  of  the  micro- 
scope as  a  practical  aid  in  the  study  of  hard- 
ening, but  rather  emphasize  the  difficulties  of 
interpretatidU.  and  also  the  fact  that  many 
scientific  workers  are  unfamiliar  with  the 
practical  asp*»ci8  of  work.  This  dlvergeni'v  be- 
tween practice  and  theory  has  naturally  led 
to  conlrovervy  but  \i;\voTVtL^  t^\iVT^x*\t\»\  ^^^^-e^- 
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tions  as  far  as  possible,  an  effort  is  made  in 
the  following  paper  to  indicate  briefly  some 
variables  in  the  case  of  carbon  steels. 

HARDENING    PRACTICE. 

The  suitability  of  a  quenched  steel  is  a 
function  of  the  carbon  present,  and  so  firmly 
is  this  recognized  in  practice  that  special  care 
is  always  exercised  to  obtain  the  exact  per- 
centage which  experience  has  Indicated  as  be- 
ing desirable.  The  usual  range  is  from  0.5  to 
1.5%  of  carbon,  but  in  special  cases  the  latter 
figure  is  exceeded.  The  first  essential,  that 
of  a  suitable  percentage  of  carbon,  is  most 
rigidly  adhered  to.  Other  features  calling  for 
note  are  as  follows: 

(1)  The  majority 'of  articles  for  subsequent 
hardening  are  worked  into  shape  from  rod, 
string,  or  strip,  which  in  turn  has  undergone  a 
considerable  amount  of  work  in  reduction 
from  the  ingot.  Only  in  exceptional  cases  are 
cast  materials  submitted  to  hardening.  (2) 
While  heating  temperatures  may  reach  1,000' 
C,  quenching  temperatures  never  attain  this 
point,  and  the  usual  practice  is  to  quench  at 
as  low  a  heat  as  is  consistent  with  the  proper- 
ties desired  in  the  tool.  (3)  Quenching  baths, 
when  of  plain  water,  are  usually  aired,  but 
never  fall  below  the  atmospheric  temperature. 
(4)  After  water  hardening  the  majority  of 
tools  are  tempered. 

In  well-organized  works  the  processes  of 
hardening  and  tempering  are  operated  by  spe- 
cially trained  workers,  who  achieve  results  of 
remarkable  regularity.  The  practice  of  hard- 
ening is  in  a  more  advanced  state  than  is 
realized  by  many  scientific  workers.  As  an 
example,  a  skilled  hardener  will  harden  and 
temper  seven  gross  of  high  quality  pocket- 
knife  blades  per  day  of  nine  hours.  The  tang 
of  the  blade  is  not  hardened,  but  the  full 
length  of  the  blade  must  be  hard.  In  spite 
of  the  rapidity  of  work,  wasters  due  to  faulty 
hardening  are  practically  nil.  Further,  blades 
of  like  kind  hardened  by  one  ^nan  are.  on 
microscoploal  examination,  found  to  give  reg- 
ular structures  whiih  do  not  vary  in  differeat 
sections  of  one  blade,  nor  yet  do  they  appre- 
ciably vary  from  blade  to  blade.  Similar  con- 
ditions hold  In  the  general  cutlery  and  teol 
trades.  HardeniukC  operations  are  remarkuMv 
effective  and.  notwlthstandiUK  huk;e  outputs. 
very  free  from  waste. 

Several  works  personally  KnoN\n  to  llie  au- 
thor, en);ai;ed  on  most  Intricate  hardenin«;  of 
a  non-repeat  character,  have  losses  falling 
weU    below    I',.      In    >  lew    of    the    variety    of 


work  handled,  of  every  possible  contour,  and 
ranging  In  weight  from  less  than  an  ounce  u? 
to  300  lbs.,  the  results  obtained  bear  good 
testimony  to  the  skill  of  the  hardening  per- 
sonnel. 

However,  notwithstanding  the  success 
achieved  in  hardening  practice,  there  is  still 
room  for  improvement,  and  when  occasionally 
erratic  results  occur  the  natural  object  is  to 
endeavor  to  ascertain  the  cause  with  a  view 
to  avoiding  it  in  the  future.  Under  these 
conditions  practice,  of  necessity,  has  to  rely 
on  its  own  empirical  experience. 

THE  STRUCTURES  OF  COMMERCIALLY 
HARDENED  STEELS. 

A  large  number  of  tools,  giving  a  range  of 
from  0.5  to  2.0%  carbon,  hardened  In  the 
ordinary  commercial  way,  and  proved  by  ac- 
tual trial  to  be  efficient  for  their  respective 
purposes,  have  been  examined.  Irrespective 
of  the  source  of  the  tool,  the  structures  were, 
carbon  for  carbon  and  temper  for  temper, 
practically  identical.  According  to  the  amount 
of  carbon  present  the  constituents  were  fer- 
rite  and  hardenite,  hardenite,  or  hardenite 
and  cementlte.  The  particular  arrangement 
of  structures  varied  according  to  the  extent 
of  the  tempering  given.  Constituents  other 
than  those  noted  have  not  been  met  with,  and 
not  a  single  structure  in  the  whole  series 
could  be  described  as  showing  a  sharply  de- 
fined pattern. 

A  second  series  of  steels,  purposely  or  acci- 
dentally spoiled  in  hardening,  were  procured 
and  microscopically  examined.  The  resulting 
structures  were  very  erratic,  and  an  infinite 
number  of  patterns  were  noted,  giving  in 
many  fields  characteristic  martensitic,  austen- 
itic.  or  troostitic  appearances.  The  majority 
of  the  steels  were  flint  hard,  but  were  useless 
either  for  cutting  or  resisting  abrasion.  Com- 
paring the  results  obtained,  from  the  two 
series  it  may  be  stated  that  the  characteristic 
feature  of  a  correctly  hardened  steel  is  an 
absence  of  definite  or  pronounced  structure, 
whereas  the  leading  trait  of  a  spoiled  steel  is 
the  presence  of  a  definitely  sharp  structure. 

The  foregoing  studies,  representing  works 
couiliTions.  were  supplemented  by  a  series  of 
».  xperiuients  conducted  under  purely  laboratory 
ci>nditions.  the  object  in  this  case  being  to  ex- 
iuiilne  the  Intlience  of  varying  quenching  tem- 
perature on  the  structure  of  a  series  of  steels 
ot  Naryini:  carbon  content. 

The  Ideal  structure  (or  lack  of  structure)  is 
prvuluced  only  in  a  certain  range  of  quenching 
leuipevature.    which    varies    according    to    the 
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composition  of  the  ateel  and  the  contour  of 
the  piece  to  be  hardened.  Temperatures  out- 
side thlB  ranice  result  In  more  or  less  crystal- 
lise patterns,  which  in  the  smanest  of  sec- 
tloos  Tary  from  field  to  field.  Although  cer- 
tain of  these  patterns  may  Klve  the  appear* 
aace  of  special  constituents,  they  are  in  real- 
ity the  product  of  an  abnormal  quenching 
temperature,  and  steels  containing  them,  al- 
though hard,  are  useless  for  cutting  or  resist- 
ing abrasion. 

The  discrepancies  in  the  literature  of  hard- 
en Ins  are  due  to  the  fact  that  certain  essen- 
tial practical  features  have  not  met  with  rec- 
ognition.    Thus  any  hardened  steel,  previous 


to  hardening,  must  have  had  a  considerable 
amount  of  mechanical  work  put  on  it.  Any 
mechanical  stresses  present  must  be  relieve  1 
by  annealing.  If  the  properties  of  a  hardeneil 
tool  depended  solely  on  the  production  ojf  a 
certain  type  of  structure,  then  cast  tools  would 
answer.  Experience  shows  that  the  fullest 
properties  arc  only  reached  on  material  which 
has  been  worked  and  annealed.  Recognition 
of  these  features,  and  a  study  of  advanced 
hardening  practice,  would  result  In  the  re* 
moval  of  many  discrepancies  and  tend  to  ele- 
vate metallography  into  a  science  from  which 
practical  men  could  draw  inspiration  in  times 
of  difficulty. 


MASONRY    DAMS 

By  THOMAS  G.  BOOKING 


FROM   "THE  ENGINEER."  LONDON 


The  design  of  masonry  dams  is  a  subject 
which  has  provided  material  for  exhaustive 
notes  and  calculations,  and  is  always  of  In- 
terest, althoagh  perhaps  more  often  academi- 
cal than  oonstructlonal.  In  a  study  of  the 
large  masonry  dams  of  the  world,  one  Is  struck 
with  the  diversity  of  design — the  variation  In 
profile  and  proportion.  The  fundamental 
problem  must,  however,  be  the  same  In  all 
cases,  varied  only  by  the  incidental  circum- 
stances  of  site  and  construction. 

This  fundamental  problem  is  to  provide  a 
mass  of  material  to  hold  up  a  certain  head  of 
water.  As  the  pressure  at  the  top  of  the 
water  Is  nil.  snd  the  pressure  at  the  bottom  Is 
a  maiimum,  it  would  seem  naturally  to  follow 
that  thc^ideal  section  is  such,  considering  for 
the  moment  only  the  fundamental  problem, 
that  the  top  has  no  width  and  the  bottom  has 
a  maximum  width,  i.  e.,  a  triangle. 

Outside  and  round  about  this  ''nucleus  tri- 
angle.'* as  It  may  be  termed,  the  individual 
fears  and  fancies  of  the  engineer  may  disport, 
but  they  must  not  allow  him  to  trespass  within 
iu  lines. 

There  Is  very  little  disagreement  in  the 
opinion  that  the  resultant  of  all  forces  acting 
la  and  at>out  the  dam  should  fall  within  *he 
middle  third  of  any  horlsontal  line  of  the  cross 
section.  Granting  this,  the  first  question  that 
arises  Is,  with  what  material  is  the  dam  to  be 


constructed,  and  what  is  Its  weight?  This  may 
range  from  the  brick  work  in  small  structures 
to  Cyclopean  masonry  in  huge  works,  with 
specific  gravities  varying  from,  say,  1.75  to 
very  nearly  3.  The  section  must  therefore  be 
adapted  to  the  weight  of  the  material  to  be 
placed  in  resistance  against  the  head  of  water. 
The  resultant  of  all  forces  is  presumed  to 
act  at  the  center  of  gravity  of  the  structure. 
If  we  Bssume.  in  the  first  place,  that  the  dam 
is  of  triangular  section,  the  center  of  gravity 
is  at  •n  down,  on  a  level  also  with  the  center 
of  gravity  of  the  pressure  diagram  of  the  water 
to  be  retained. 

Let  W  =  62H   lbs.,  weight  of  a  cubic  foot 

of  water  specific  gravity  I. 

H  =-  head  of  water  in  feet. 

M  =  specific  gravity  of  the  masonry. 

B  ==  base  of  dam. 

The  horizontal  component  of  the  triangle  of 
force  is  \V  H*  2;  which  will  at  once  be  recog- 
nized as  a  familiar  formula  for  the  horizontal 
pressure  of  a  liquid. 

The  vorcicai  comi>onent  in  H  \V  D  M  2.  That 
is  to  say.  the  weight  of  the  triangle  with  a 
vortical  H  and  a  base  D.  W  M  simply  ex- 
preiises  the  weight  of  a  cubic  foot  of  the  ma- 
terial. 

For  the  resultant  to  fall  at  a  point  two- 
thirds  of  the  base  measured  from  the  vsl^a^ 
face — lYie   exUenxfi    ot   VVw^   ^^<:*vv^^\  \Vod\v   ^V 
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safety — this  triangle  of  forces  must  be  pro- 
portional to  the  triangle  of  the  section  of  the 
dam.     As  D  :  H  :  :  WHV2  :  H  B  W  M/2;  or  B 

^=  II  'i-  VM. 

This  formula  will  always  express  the  base 
of  the  triangular  section  of  walling  filling  the 
above   conditions:  — 

B  A  S  E  -  H  -4-  V  M. 

This  simple  rule  provides  us  with  a  ready 
means  of  ascertaining  the  nucleus  of  the  struc- 
ture, and  the  individual  ideas  of  the  engineer 
are  then  quite  at  liberty. 

The  rule  is  calculated,  assuming  a  vertical 
face  to  the  dam.  If  the  face  is  built  with  a 
batter,  a  vertical  line  should  be  drawn  from 
the  face  of  the  wall  at  the  top  and  the  calcu- 
lated base  sot  back  from  that  line,  allowing  ad- 
ditional base  due  to  the  batter.  This  keeps  us 
within  safety,  as.  with  the  extra  weight  In  the 
wall  to  the  same  head,  the  resultant  falls 
within  the  middle  third  instead  of  at  the  ^ 
|H>lnt. 

As  no  attempt  is  made  to  store  water  until 
the  reservoir  Is  practically  free  from  silt,  the 


specific  gravity  of  the  impounded  water  may  be 
taken  as  1,  but  it  must  always  be  remembered 
that  silt-laden  water  exercises  a  much  heavier 
pressure,  and  if  such  circumstances  are  likely, 
due  allowance  must  be  made.  In  a  paper  read 
by  Mr.  David  Gravell,  M.  Inst.  C.  E.,  before 
the  Society  of  Civil  and  Mechanical  Engineers, 
and  reported  in  the  ''Engineer'*  of  March  11th, 
1887,  the  opinion  is  expressed  that  in  some 
districts,  In  time  of  flood,  the  weight  of  water 
Is  Increased  to  75  lbs.  per  cu.  ft.,  or  an  in- 
crease of  20%. 

It  must  be  urged  In  conclusion,  that  the 
suggested  formula  Is  not  given  to  supersede 
the  usual  calculations,  but  only  as  a  check 
thereon.  Great  problems  of  this  nature,  in- 
volving so  many  considerations,  cannot  be  dealt 
with  In  a  few  moments;  but  the  minimum 
structure  can  be  very  quickly  found,  which 
must,   under  no  circumstances,  be  reduced. 

[Sections  and  data  of  five  large  masonry 
dams  are  given  (AssOan,  Burraga.  Dhukwa, 
Vyrnwy  and  W'achusett),  from  which  the  au- 
thor finds  that  the  nucleus  triangles  are  well 
within  the  actual  structures. — Ed.  T.  L.] 
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bi^iler  can  absorb  only  that  heat  which  is  above 
the  temi^eratur^  of  the  water  in  it;  heat  be- 
low this  temperature  will  not  flow  into  the 
boiler  water  and  therefore  is  not  available  for 
absorption.  Commercial  boilers  absorb  only 
p«rt  of  the  heat  which  is  available  for  them; 
:bo  ;vr\v:i:a^e  of  the  available  heat  which  is 
.•l^^>^^<^i  Vy  :!:e  boiler  is  called  the  true  boiler 
«'^.v:or.>.v  T^is  e^oiency  depends  somewhat 
ou  •.>.e  vkAv  :!ie  heai  is  presented  to  the  boiler, 
o::  :he  construction  of  the  latter. 
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V^;'  v;  X*  Vo  "cr  t^viency  is  then  defined  as  the 

,t.  .^  0'  •,^i■  ^i\*:  i^sorN?U  by  the  boiler  to  the 

^^^.  .    A >■,->.    >  A\ji::At«:e  for  it.  counting  only 

rhkh   is  above  the  tern- 
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•pac«  and   throagh   the  water  heating  plates 
Into  the  boiler  water. 

In  practice,  the  water  heating  plate  of  the 
boiler  la  always,  to  some  extent,  covered  on 
thm  ontalde  with  a  coating  of  soot,  and  on 
Ibc  Inside  with  a  layer  of  scale  or  mnd.  Just 
on  the  outside  and  entangled  In  the  small 
of  the  soot  coating.  Is  a  dense  film  of 
rhich  adheres  to  the  solid.  The  density 
of  this  gaaeous  film  decreases  outward  from 
Che  solid  layer  of  soot.  It  Is  somewhere  within 
tbia  gaaeous  film  where  the  dry  surface  of  the 
water  heating  plate  can  reasonably  be  assumed 
to  exist.  There  Is  a  similar  film  of  steam  and 
water,  adhering  to  the  layer  of  scale  on  the 
inside  of  the  boiler,  which  film  can  be  con- 
sidered to  contain  the  wet  surface  of  the  heat- 
ing plate. 

Heat  Is  communicated  to  the  dry  surface  of 
the     water     heating     plate     mainly     in     two 
ways: 
*  1.   By  radiation  from  the  hot  fuel  bed  and 
furnace  walls. 

2.  By  convection  from  the  moving  gaseouB 
products  of  combustion.  By  convection  Ih 
meant  here  the  process  of  displacing  cold 
molecules  from  the  adhering  film  of  gas  by 
hotter   ones    from    the    moving    mass    of    hot 


From  the  dry  surface  of  the  heating  plate. 
the  heat  is  transmitted  through  the  layers  of 
gas.  soot,  metal,  scale,  and  steam  to  the  wet 
surface  purely  by  conduction.  From  the  wet 
surface  the  heat  \»  carried  into  the  body  of 
the  boiler  water  mostly  by  the  convection  of 
the  circulating  water.  The  retardation  of 
any  one  of  these  three  modes  of  heat  travel 
lowers  the  efficiency  of  the  boiler. 

It  has  been  said  that  the  dry  surface  of  the 
water  heating  plate  may  be  considered  as  be- 
ing somewhere  in  the  adhering  fllm  of  gas. 
This  statement  Is  more  correct  when  It  refers 
to  the  beat  communicated  by  convection  than 
to  the  heat  Imparted  by  radiation.  In  the  lat- 
ter case  the  greater  part  of  the  heat  passed 
through  the  gaa  film  directly  to  the  soot,  be- 
cause gases  are  to  a  great  extent  permeable 
to  the  radiant  energy. 

Afi  the  adhering  films  of  gas  and  the  fllm  or 
•team  and  water  may  be.  and  very  likely  are. 
of  considerable  thickness,  the  heat  must  pass 
through  part  of  the  thickness  of  the  fllm  by 
conduction,  and  as  both  the  gas  and  steam 
are  very  poor  conductors  of  heat,  the  resist- 
sace  which  these  films  offer  to  the  passage  of 
beat  may  be  eren  greater  than  the  combined 
resistance  of  the  soot,  metal  and  scale. 


RATE  OF  HEAT  RADIATION  AND  CONDUC- 
TION. 

Although  this  paper  is  intended  to  discuss 
mainly  the  factors  which  influence  the  rate  of 
heat  inipartation  by  convection,  a  brief  ex- 
planation of  the  laws  of  the  rate  of  heat  radi- 
ation and  the  rate  of  heat  conduction  will 
help  In  making  clear  the  whole  matter  of  heat 
absorption -by  the  boiler. 

The  quantity  of  heat  which  the  boiler  re- 
ceives by  radiation  from  any  hot  portion  of 
the  furnace  or  the  fuel  bed  may  be  taken  to 
be  proportional  to  the  difference  of  the  fourth 
powers  of  the  absolute  temperatures  of  the 
hot  parts  of  the  furnace  and  the  soot  coating 
on  the  boiler  plate.  This  law  of  radiation  U 
*  known  as  Stefan  &  Boltzmann's  law.  Strictly 
speaking  it  applies  only  to  black  bodies;  how- 
ever, within  the  usual  temperature  range  of 
the  boiler  furnace  it  can  be  applied  to  boiler 
problems  without  any  serious  error.  It  shows 
that  the  quantity  of  heat  received  by  the 
boiler  by  radiation  increases  very  rapidly  as 
the  temperature  of  the  furnace  rises.  In  boil- 
ers where  the  heat  received  by  radiation  Is  a 
predominant  part  of  the  total  heat  absorbed, 
the  true  boiler  efficiency  necessarily  Increases 
with  the  rise  of  the  furnace  tomiierature. 

The  quantity  of  heat  which  can  be  trans- 
mitted through  a  given  unit  of  water-heating 
plate  in  a  unit  of  time  depends  on  the  differ- 
ence of  the  temperatures  of  the  dry  and  the 
wet  surfaces  of  the  heating  plate,  and  the 
conductivities  of  the  substance  between  the 
two  surfaces.  For  instance,  if  it  is  required 
to  transmit  double  the  quantity  of  heat  in  the 
yame  length  of  time,  the  difference  of  the  tem- 
peratures of  the  two  surfaces  must  be  doubled. 
Since  the  temperature  of  the  wet  sur- 
face is  nearly  the  same  as  that  of  the  steam 
in  the  boiler  and  therefore  can  not*  be  low- 
ered, the  temperature  of  the  dry  surface  muat 
be  raised:  as  it  is.  this  dry  surface  of  the 
heating  plate  which  cools  the  furnace  gasea. 
the  rise  of  its  temperature  results  in  the  rise 
of  the  temperature  of  the  escaping  gases. 
Thus  we  see  that  with  the  same  conditions  of 
the  heating  plate  and  the  Fame  initial  tem- 
perature of  the  furnace  gases,  the  temperature 
of  the  escaping  gases  will  rise  with  Increasing 
capacity,  thereby  decreasing  the  efficiency  of 
th«'  bnllor  in  corr«»s|>ondlng  dt'j;n»e. 

SrUFACKS  OF  HEATING  PLATES  SHOULD 

BE    KEPT   CLEAN. 

The  main  cause  of  unnecessarily  great  dif- 
ferences between  the  tenip«»raturem  ot  t.^^  ^vi 
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And  Witt  Hide  of  the  plate  and  the  consequent 
high  temperature  of  the  waste  gases  is  the 
proHonce  of  soot  and  scale  on  the  surface  of 
the  heating  plate.  The  heat  conductivity  of 
both  of  those  substances  is  very  low,  which 
fmt  oniphiiHlKeH  the  importance  of  keeping  the 
MurfuceH  as  free  from  Buch  deposits  as  possi- 
ble. 

The  hoat  imparted  to  the  boiler  by  convoc- 
tion  foriUM  In  most  cases  a  large*  percentage 
of  the  total  hoat  received.  It  is  therefore 
very  doHirabUs  for  the  sake  of  better  boiler 
coiiMtructlon  and  operation,  that  the  factors 
which  Inlluence  the  rate  of  heat  impartation 
by  convoction  bo  more  thoroughly  known.  Bx- 
coptliiK  i\  fow  cxpvrimonts  done  abroad  and 
bourlug  only  indirectly  on  the  steam  boiler 
probloni,  nothing  has  boon  done  toward  deter- 
mining those  factors.  The  Steam  Bngineer- 
Ing  Dlvlstou  of  the  United  States  Geological 
Survoy  recently  started  the  investigation  of 
(his  problem,  as  an  Incidental  feature  in  its 
regular  work  In  testing  the  Quality  of  coals 
for  steaming  purposes.  These  investigations 
consist  of  laboratory  experiments  made  on 
•mall  models  of  horixoutal  multitubular  boil- 
ers. The  laboratory  methods  and  the  small 
boilers  wore  taken  up  because,  first,  it  ro- 
quli^«  small  outlay  of  money  to  conduct  the 
exiHTlmouts,  and  ^ei\>nd»  it  is  easier  on  a 
small  laboratory  apimratus  to  control  all  the 
ooudltlous  than  it  would  be  the  case  with  a 
l«rgx«  boiler  and  furnace:  it  is  necessary  In 
work  of  this  kind  to  ktH>p  all  the  conditions 
ix^ustaut. 

RKSn.rS  OK  THK  OKOI.OOIOAU  SVRYKYS 

TKSTS, 

lu  the  o\iH*riu\oni*  ihus  wado  small  mu'.ti- 
lubul;ir  Voilor*  >»oro  used  Kvause  of  their 
suu;''.o  tv>ri«.  and  l-.o^t  >%a»  jiouorat^iM  by  a 
iwii;:A;ur\*  **Uv;nc  <;;rua\0  lu  orvlor  to  avvn.l 
the  v*.o\SNs:t  of  s^vvt  oa  ^.OA'.u;|;  sur(ao\\k  As 
t^o  ivsvi':  of  a  lav  lie  '.'.v.iv.Ver  of  cAref;;*.  us;s 
vui^  o;  '.^0  v.*,os:  iv.^^s^r :*■.::  o^**''r^a;ior,*  iv.a^Io 
%AS   ;*:..'.'.   ',^0  >-cci;  AV.>orV*\i  V>    t^o  Vo.'.or  ;vr 
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ture  has  been  reached  there  is  little  or  no  gain 
in  the  heat  absorbed  by  further  rise  in  temper- 
ature. This  fact  indicates  that  the  rate  of 
absorption  is  influenced  by  another  factor^ 
which  varies  inversely  as  the  temperature; 
this  factor  is  the  density  of  the  gas. 

It  was  also  demonstrated  from  tetta  con- 
ducted that  true  boiler  efficiency  drops  at  first 
very  rapidly  when  the  difTerence  of  drafts  in- 
creases; but  when  the  latter  reaches  a  certain 
value,  which  varies  with  size  of  tubes  and  de- 
gree of  temperature,  the  efficiency  remains 
nearly  constant.  The  small  gradual  drop 
noted  in  the  efficiency  beyond  the  point  where 
the  latter  remains  nearly  constant  may  be 
accounted   for  by  rapidly  increasing  capacity. 

It  was  also  noticed  that  a  given  difference 
of  drafts  pulled  practically  the  same  amount 
of  air  through  two  boilers  in  which  the  tubes, 
of  same  diameter,  in  the  one  were  nearly  twlje 
the  length  of  those  in  the  other.  This  would 
Eeem  to  indicate  that  most  of  the  resistance  is 
at  the  entrance  of  the  flues  and  very  little  of 
it  in  the  tubes  themselves,  so  that  increase  in 
the  length  of  the  flues  increases  the  total  re- 
sistance but  slightly.  Nevertheless,  adding  to 
the  length  of  the  flues  does  not,  when  carried 
beyond  a  certain  limit,  materially  Increase  the 
true  toiler  efficiency,  for  it  was  shown  in  a 
test  that  by  doubling  the  length  of  flues 
a  gain  of  only  Sfc  in  true  efficiency  was  made. 
Pur  I  her  tests  yielded  results  that  would  indi- 
cate the  superior  true  boiler  effic  ency  of  the 
smaller  diameter  flues  over  those  of  the  larger 
ciameter. 

DEDUCTIONS. 

The  deductions  drawn  from  these  experi- 
ments, briefly  summarized,  indicate  that: 

a.  After  the  velocity  of  gas  parallel  to  ;he 
heatlug  surface  has  reached  a  certain  value 
the  rate  of  heat  absorption  is  almost  propor- 
tion.Al  :o  the  velocity. 

l\  T^e  rate  of  heat  absorption  increases 
w!>e:i  :^e  :&i::al  temperature  rises;  it  also 
s^vr.'.s  :o  N^ry  xiirectly  wiih  the  density  of  the 
j:,\s. 

0.    '.".■.■^aS.:  s     :ie    diame:er    of    flues    de- 

s-  •  v%<  s >  $  :  .•  t*  « :^.  V : ^  - ;  y  of  their  absorbent  po v  er : 

V »;v,;sv.i    ;>o     e-p:!:  o!   Sues  beyond  a  cer- 

,.;>  *  »:-x-.v.<i^s  ::.e:r  e*ciency  very  lit. la 

^  .'*:   .:     >e  r-t<:<:A::*:e  to  the  passage  of 
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OOMPLCTSD   POBTIQN   or   TUB   WKaT   NKKniHll   rn\NVK;„   fir'^MNd  Till';   Pin-  ST"M.  "ALLS 
LININO    THK    SintS    AlloVK    lllb:   S\RF\.  K   OK     TIIK    KDCK 

1     FACILITATING   NAVIGATION   ON  THE 
1                           GREAT  LAKES 

H                                                                    mXOSNBBD  fttOU    "KN-QIKEKRINO   NCWB- 

^^      Am    Inporum    piMd    uf    work    now    Lelni       two   low    points   In    th«    rldi«,    whoM    blshvr 
<amed    oat    la   /«clllUi«    navtgtilon    on    the       [wrU  form   8ui5»r  and   N»i>bl«h   Ulanil«.     Th« 
Grwl    LakH    U    tli«    tmprovumi^Dt    of    tta«    Si.        other    low    polul    la   {he   Mlddlo  NiwIiUh    Cban- 
lUiT'a  Rl»«r  Iqr  tbe  coo»trurtton   ot  Ihr  W«i        nel  nn    ihp   north  sidn  of   Spi-bl.h    laland.  and 
ff«»Mtl>   Chanml   «■   wb«i   Km   known   u   tje       l>«tK««n    11    and    th«    eoutfarrn    «itr«nitty    ot 
Wwt    NMtiM    lUpia*.    IT    miles    l-tow    Saiill        Sugar   Ulud.      Th!.   !■   IU«  chunn.;!    now    omnI 
atM-  HsrU.  Mlcbimn.     Th«M  rapldi.  ua  their       by  all   th«  Irafllr  ti«lwi^n  I^ke  Superior  aB4 
■«»•  inpilM.  wrro  •liuated  In  ihn  rlT«r  chan-       iha  othitr  gnat   l«k».      It   waa  oica*at«d   for 
Mi  OB  lh«  wMt  aldv  ot  No«t>Uh  laland,  BDi  tn       th«    V.    S.    Oovcrrornvni    by    rontnct,    br    ttic 
ttelr  ■alural  ata[«  (>xtvnilort  a  dltitaQi><  of  halt       method   ol   aubmarlno   blaatlnf   and   dr«dslB(, 
•    kIIp   a»eT    an    •iciwllniily    (hallow    water-       and  rpnulrod  tlv*  year*  to  romplote. 
mvrae.  with  a  mnxlmiim  depth  of  nt>niit  3  ft             Thr  work  on  lh«  new  Weat  NaebUh  Chai- 

dlh»    of    Magara    llmvalone    tarnilnK   this    bar-        pccted  lo  tw  complrlal  by  Dn-vtuWr.  llftT.    It 
rter    Iwlwvan    NeebUh    Uland    and    the    main-        Inrludoa    two    dllt*r«Bt    mvthoda    of    cooatnic- 
Uad.  la  abont  t%   mlln  tn  width,  (rom  di»«p       tlon:    ill    Bxcaratloa   nndar   wal«r;    (>)    bjc 
vaMr  to  dw»  arat«r.     Thla  dih*.   which   con-       caratlon  In  th*  drr.  th*  orlglul  cbann*!  tutv- 
■UMtas  tktt  b«4  ut  th«  rapids,  la  ooo  ot  the       Ing     Iwen    clofad    by    eotnitM*    a.**.    'Saw. 
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pumped  out.  A  view  of  this  channel  is  shown 
herewith.  The  contract  requires  the  exca- 
vation of  a  clear  channel  width  of  300  ft.  for 
a  distance  of  13,300  ft.  Of  this  distance, 
H,660  ft.  is  called  rock  excavation,  in  which 
there  are  1,700,000  cu.  yds.  to  be  removed; 
and  the  balance  is  287,000  cu.  yds.  of  earth. 
There  is  considerable  stripping  of  earth  and 


boulders  (river  drift)  in  the  rock  section,  and 
a  good  deal  of  rock  projecting  above  the  22- 
ft.  plane  in  the  earth  section.  In  the  dry  sec- 
tion this  stripping  has  run  from  scraping  to 
15  ft.  in  some  places,  and  the  earth  is  esti- 
mated at  12%  of  the  rock  excavation.  The 
depth  of  the  rock  varies  from  nothing  at 
either  end  to  27  ft.  near  the  middle. 
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By  WILLIAM  MAVER,  JR. 


Wireless  telegraphy  now  appears  to  be  set- 
tling down  on  a  practical  basis.  It  is  finding 
its  important  field  to  be  where  all  those  who 
have  not  been  actuated  by  interested  motives 
have  consistently  stated  it  would  be  found — 
namely,  as  a  means  of  communication  between 
ships  at  sea  and  between  ships  and  the  shore. 
How  long  it  will  hold  this  field  undisputedly 
depends  upon  the  measure  of  success  that  may 
uttond  the  efforts  of  those  who  are  now  en- 
dotiyoring  to  i)erfect  wireless  telephony.  At 
loaat  half  a  dozon  inventors  are  at  work  on 
this  problem  in  this  country  and  Europe,  and 
it  is  reported  that  the  wireless  transmission  of 
speech  has  been  experimentally  successful  up 
to  distances  of  several  miles  overland;  but  ap- 
imrently  much  remains  yet  to  be  done  before 
\viit>U»s»  telephony,  even  for  short  distances, 
beromes  nu  noiH>mpHshiHl  fact.  Should  this 
hoiKHl-for  result  be  aohleved.  however,  it  is 
evident  that  for  many  purpiwes  it  will  displace 
wlrt»le»s  teleRHiphy.  For  example,  probably 
one  of  the  chief  rt^asous  why  wireless  tele- 
i£ruphy  Is  not  already  universally  installed  on 
all  manner  of  Hailing  vessels  and  steamshii^  is 
the  necessity  ri»r  eu»plo>lnK  an  ex^H^rt  Morse 
oi^erator  le  transmit  and  itvelve  messaj:tn». 
\VlroU\s>  tclephonx.  eNcu  If  only  available  for 
a  com\»iuan>cl\  whovt  dlstauce.  ob>lo«»ly  could 
Ih*  lu-^icilioil  to  :ul\rtut{\Ko  in  the  otllcer's  rvvm 
of  e\e»'>  Nhlp  that  tloiits  the  ovtwu,  lake,  river 
or  hrtvbor.  and  iwUju^s  ou  i;u;\%rt>  trains  as 
well.  tx'^Y  i\\\\    ruuMM*  thnt   iiUi;ht  anse 

\\  lrclo<s  lolcphowN  is  u\*t  >ci  hoiv  l\v^\voNor. 
wh;\*  •oiv\n\atol>  tot  tV.x»»v  i-m'-  <o  sum\  •.».  u* 
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and  it  is  already  installed  or  is  being  installed 
on  every  lighthouse  and  on  the  vessels  of  every 
important  navy  and  steamship  line  in  the 
world.  It  is  probably  easily  within  bounds  of 
accuracy  to  say  that  there  are  now  over  2,000 
wireless  stations,  including  ship  and  shore  sta- 
tions, in  operation  in  various  parts  of  tae 
world,  and  this  number  is  being  added  to  daily. 

The  distances  covered  by  wireless  telegraphy 
in  regular  operation  may  be  set  at  from  one 
mile  to  fifty  or  100  miles.  When  the  state- 
ment is  made,  as  it  frequently  has  been,  that 
messages  have  been  received  from  ocean-goiog 
vessels  several  days  out  from  New  York,  it 
may  be  taken  for  granted  that  these  messages 
have  been  received  at  one  or  other  of  the  At- 
lantic coast  stations  within  wireless  signaling 
distance  of  the  vessel,  and  by  those  stations 
i-epeated  by  overland  wire  telegraphy  to  Ne..- 
York.  There  is  no  doubt  that  messages  are 
received  under  favorable  conditions  at  dis- 
tances of  several  hundred  miles  away  from 
shore,  but  these  are  exceptional  cases.  No 
regular  interchange  of  business  is  at  present 
carried  on  at  those  distances. 

While  we  frequently  run  across  the  state- 
ments of  interested  brokers  in  wireless-tele- 
{craph  stiKk  that  transatlantic  wireless  tele- 
iiraphy  will  shortly  be  accomplished,  it  is  no- 
ticeaMe  that  Marconi,  Fessenden  and  De  For- 
e$i  have  of  late  been  silent  on  this  subject. 
Fessendou  indeed  has,  with  commendable 
ft-^r.kr.o:!^.  practically  admitted  that  the  difll- 
vul:ics  oi  transatlantic  wireless  telegraphy  are 
a:  ;^:vso:*.:  ^tvl-n:gh  insurmountable.  His  ex- 
jcr::vo:::5  «cre  coniinued  for  nearly  one  year 
Vc^wvn  Mas5Jkciiuset:s  and  Scotland.  He 
fov.:*v»  :'^a:  :>.crx"*  ar>?  at  least  two  serioos  ohsta- 
V  cs         '.^•.'   w.o    v''?  transatlantic  wirelon  sig- 
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nallng.  First,  atmospheric  absorption  of  the 
•Icctrlowave  energy  of  the  signals.  Up  to  dis- 
tances of  1,000  miles  this  absorption  is  not 
Terr  marked,  but  beyond  this  point  it  becomes 
very  important.  The  other  difficulty  consists 
In  the  Inability  to  maintain  syntony,  or  tuning 
of  the  apparatus,  at  the  respective  transmit- 
ting and  receiving  stations.  The  difficulty,  in 
Ihcr  words  of  Mr.  Fessenden,  "Is  in  getting  the 
station!  m-hich  are  to  communicate  to  maintain 
their  frcHiuencles  Kufficiently  regularly."  It 
wait  fuund  impossible  to  receive  message'^ 
wh«*n  the  frequency  varied  one  part  in  1,000,- 
OuM.  This,  it  may  be  noted,  Is  equivalent  to 
sayinR  that  if  a  telegraph  system  which  de- 
pendt'd  for  its  successful  operation  upon  the 
synchronism  of  wheels  at  the  sending  and  re- 
ceiving ^tations  should  vary  one  part  In  1,000,- 
Ovo  the  system  would  not  operate.  While  Mr. 
Fessenden  is  hopeful  that  these  difficulties  will 
be  overcome,  the  prospect  for  an  Immediate 
realization  of  this  hope  is  not  vt*ry  encourag- 
ing. But  fortunately,  aRalii,  there  is  no  re:il 
nv«.esslty  for  transatlantic  wireless  telegraphy, 
or  rableless  telegraphy,  as  some  wireless  ex- 
perts take  pleasure  in  terming  it.  The  Atlan- 
tic cables  are  still  doing  business  at  the  old 
stand,  and  there  is  every  reason  to  believe  that 
they  will  continue  to  do  so  for  many  years. 
Singular  as  It  may  seem  to  some  people  there 
Is.  apart  from  occasional  injury  to  the  cables, 
nu  method  of  telegraphing  that  is  as  reliable 
as  »ubmarine-cable  telegraphy.  The  reasons 
for  this  are  obvious.  The  cable,  year  in  and 
>ear  out,  works  undisturbed  by  changes  In 
w«>ather  conditions.  Lightning  storms  do  not 
affect  Its  operation,  and  vagrant  currents  from 
neighboring  and  unneighborly  electric  traction 
ilrculti>,  or  induction  from  high-tension  alter- 
nating-current systems,  can  never  approach 
within  harmful  distance  of  Its  sensitive  ap- 
paratus. Similar  immunity  from  these  dis- 
turbing factors  in  overland  telegraphy  would, 
there  is  no  doubt,  be  gladly  welcomed  by  the 
momt>ers  of  this  association. 

Apart  from  the  filings  coherer  it  may  be 
said  that  the  most  prominent  type  of  detectors 
now  in  use  are  the  magnetic  detector  employed 
by  the, Marconi  interests,  the  carborundum  de- 
tector employed  by  the  De  Forest  company 
and  the  various  electrolytic  detectors  of  the 
Fessenden  and  Shoemaker  types.  The  mag- 
netic detector,  the  carborundum  detector  and 
the  electrolytic  detector  require  a  telephone 
receiver  for  the  reception  of  signals.  The  msK- 
cetic   detector  was  described   In   the  author's 


paper  on  "Improvements  in  Wireless  Tele- 
graphy,'* read  before  the  Indianapolis  conven- 
tion of  this  assoi-latiou.  The  carborundum  d«s- 
tector  consists  of  a  crystal  of  carborundum 
which  is  clamped  between  two  metal  elec- 
trodes. Otherwise,  so  far  as  the  arrangement 
of  circuits  is  concerned,  it  simply  displaces  the 
filings  coherer,  but  does  not  operate  a  relay. 
The  electrolytic  detector  consists  of  a  small 
K-up  containing  a  dilute  solution  of  nitric  acid, 
into  which  the  terminal  of  a  very  fine  plati- 
num wire  is  placed.  Another  wire  enters  the 
acid  from  the  bottom  of  the  cup.  When  cur- 
rent from  a  small  dry  battery  is  passed 
through  the  solution  by  means  of  the  fine  wire, 
polarization  takes  place  and  current  ceases  to 
flow  in  the  circuit.  Incoming  electric  waven 
appear  to  dissipate  this  polarization,  causing 
variations  in  the  current  of  the  local  circuit, 
and  sounds  corresponding  to  dots  and  dashes 
are  heard  in  the  telephone  receiver. 

The  De  Forest  "audion**  is  also  one  of  the 
more  recently  invented  wireless  detectors.  This 
detector,  briefly  described,  consists  of  an  in- 
candescent filament  in  a  vacuum,  shunted  by 
a  local  circuit  In  which  a  battery  and  a  tele- 
phone receiver.  Incoming  electric  oscilla- 
tions appear  to  affect  the  electrical  condition 
or  equilibrium  of  this  circuit  and  set  up  vari- 
ations of  current  therein  which  are  heard  as 
dots  and  dashes  in  the  telephone  receiver.  This 
receiver  was  fully  described  in  the  transactions 
of  the  American  Institute  of  Electrical  Engi- 
neers for  1906. 

Another  detector  which  promises  to  be  of 
utility  in  practical  wireless  telegraphy  is  the 
silicon  detector,  the  invention  of  G.  W.  Pick- 
ard.  This  detector  is  of  the  thermoelectric 
type  of  wireless  receivers.  It  produces  its  own 
electromotive  force.  Its  electrodes  are  pure 
silicon  and  a  metallic  element  of  low  resist* 
ance.  The  energy  ofg  the  incoming  electric 
oscillations  are  converted  into  Joulean  heat 
(CK)  at  the  element  having  high  resistance 
(the  silicoin.  which  heat  is  converted  at  the 
contact  iK>int  into  a  short  pulse  of  direct  cur- 
rent in  the  telephone  receiver;  and  a  long  or 
short  continuation  of  these  pulses  producer  a 
dash  or  dot  in  the  receiver.  Mr.  Picks rd  states 
that  a  fragment  of  silicon  merely  held  with 
suitable  pressure  betm-een  tm'o  fiat-ended  brass 
rods  gives  exi*ellent  commercial  results.  This 
detector  has  the  advantage  that  no  l>attery  Is 
required  in  the  local  circuit.  In  sensitiveness 
it  compares  favorably  with  the  electrolytic  and 
magnetic  detectors,  according  to  tests  made  by 
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Mr.  Pickard.  The  carborundum  detector  is 
about  one^half  as  Bensitive  as  the  last-named 
detecton. 

It  li  Interesting  to  note  that  the  telephone 
receiver  hai  been  found  to  respond  to  a  single 
Impulse  of  current  of  very  much  less  strength 
than  is  required  to  energize  the  most  sensitive 
*irireless  detector,  and  were  it  not  for  the  high 
inductance  of  the  telephone  receiver,  the  in- 
termediate wireless  detector  would  not  be 
necessary.  At  the  high  frequencies  used  in 
wireless  telegraphy,  however,  nameiy,  of  the 
order  of  500,000  or  1,000,000  per  second,  the 
inductance  of  the  telephone  receiver  renders 
it  mute. 

An  improvement  in  wireless  telegraphy  that 
may  lead  to  important  results  consists  in  the 
use  of  undamped  oscillations,  with  which 
numerous  experiments  are  now  being  made  by 
Poulsen,  Shoemaker,  the  Telefunken  company 
and  others. 

In  the  ordinary  "spark**  gap  transmitter,  it 
la  known  that  between  each  spark  or  train  of 
sparks  there  is  a  rapid  falling  ott  or  damping 
of  the  amplitude  of  oscillations;  consequently 
the  full  benefits  of  resonance  in  the  tuned  re- 
teiving  circuits  are  not  obtainable.  Poulsen's 
method  of  obtaining  undamped  oscillations  is 
an  amplification  of  the  Duddell  **8inging  arc*' 
and  consists  in  employing  an  electric  arc  of 
peculiar  construction  shunted  with  a  capacity 
(condenser)  and  inductance  of  a  wireless  trans- 
mitting circuit. 

In  Poulsen^s  device  the  positive  electrode  is 
copi>er.  the  negative  electrode  is  carbon.  When 
the  cai^oity  and  inductance  are  suitably  ad- 
justed, rapid  oscillations  of  uniform  amplitude 
ar>?  established  in  the  circuit  and  thence  are 
thrown  uiM>n  the  vertical  wire.  These  oscilla- 
tions ar^  broken  into  dots  and  dashes  in  the 
usual  way.  rnfortuuately.  thus  far  the  ouerjcy 
output  by  this  methvKl  Is  low.  ami  U  remains  to 
be  asoertalnesi  whether  or  not  the  advanta^cx^s 
of  uniform  arv.plltuvle  ^y  vviuluoini:  to  a  N*tter 
utilUativ^Q  of  rvsor.ar.vv  will  ruv^rx^  t^an  offset 
the  d:sadvar.tajjce  of  !\\luot\l  euerjty  outi^ut. 

Av.o:>.or  ir.v^»^^«*-"^*-'-  -"  '^^  v^Av'-'-^v  ^*f  >*  tree- 
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maximum  current  will  be  induced  in  the  sec- 
ondary circuit  when  the  two  circuits  are  in 
resonance,  which  will  be  when  they  posaesi 
corresponding  inductance  and  capacity.  Know- 
ing the  capacity  and  inductance  of  the  aeoovid- 
ary  circuit,  the  frequency  and  wave-length  of 
the  oscillations  are  deducible.  Increased  famil- 
iarity of  the  operators  with  the  apparatus  has 
also  naturally  tended  to  improve  results  in 
the  actual  operation  of  the  various  systems. 
Apart  from  the  foregoing  noted  features  and 
certain  imrTOvements  in  the  details  of  appa- 
ratus and  the  arrangement  of  vertical  wires, 
there  has  been  comparatively  little  advance 
made  in  the  art  of  wireless  telegrraphy  during 
the  past  one  or  two  years. 

A  short  description  of  some  experiments  con- 
ducted  recently    by   the   Telefunken   Wireless 
Telegraph  Company,  of  Berlin,  relating  to  the 
use   of   wireless   telegraphy    between    railway 
trains  in  motion  and  fixed  stations,  may  be  of 
interest  to  the   members  of  this  association. 
The  experiments  were  made  on  sections  of  rail- 
way track  about  12.5  miles  in  lengrth,  with  four 
stations  about  four  miles  apart  within  this  dis- 
tance.    The  wireless  outfit  of  each  fixed  and 
moving  station  consisted  of  a  filings  coherer 
receiver  and  an  induction  coil  transmitter,  to- 
gether with  the  other  apparatus  usually  em- 
ployed   therewith.     A   coach    containing    the 
wireless  outfit  was  equipped  with  a  rectangular 
wire  suspended  by  posts  about  one  foot  high 
at  each  corner  of  the  roof  of  the  coach.    The 
wire  was  attached  to  porcelain  insulators  on 
the  top  of  these  posts.     A  single  wire  was  led 
from   this  wire   to  the  apparatus   within   the 
coach.     A  ground  was  obtained  through  the 
iron  trucks  of  the  coach.    The  fixed  station  was 
between  the  telegraph  poles.     The  aerial  wire 
was  erected  horizontally  between  the  poles  and 
l^aralleleci  the  regular  telegraph  wires   for  a 
distance  of  ll^o  feet,  about  one  foot  therefrom, 
and  was  carefully  insulated  from  those  wires. 
A  wire  ov'nnecced  this  aerial  wire  to  the  appa- 
mtus   :r.  the   fixed  station.     The  ground  was 
iv,aio  Vy  a  w:re  oonnection  to  the  nearby  rails. 
Our  re  r.:  for  Tie  i-duction  coil  was  supplied  by 
e:^>:  ;*or:A^>  s:oraLi:e  cells  giving  sixteen  volts 
A  v.. I  >.am::j:  az  o--:rut  of  about  five  amperes 
w  :>.  A  >v.^"5;-<jiv  of  v.lf  inch.     Th«  maximum 
J.  >  /. 
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point  of  (lie  kIsmh.  ibe  em'^luucy  In  one  watt 
per  c.-p.  By  vniploying  qunrti,  wUta  Its  blgb 
mettlng  point.  Instead  ot  glass,  the  lump  tuba 
can  be  run  up  to  a  much  higher  lemprralure, 
and  In  doing  so  Dr.  KQcb  found  that,  aflw  a 
maximum  consumption,  which  may  bo  aa  bigb 
aa  about  1.!  watts  per  e.-p,.  ih«  eincleocr 
once  more  Impruvea.  and  not  only  la  tba 
rormer  valur  of  0.6  watia  per  candto-powar 
attain  atialnml,  but  allli  better  eUlctenclaa  aa 
good  aa  '/•  watt  per  c.-p.  can  be  arrlred  at 
without  dIOIcuily.  Anotber  advantage  of  etn- 
plorlng  quart!  Is  the  reductions  which  aro 
r«nd(-red  possible  in  the  dlmenalona  of  tba 
lamp.  While  mercnry-vapor  lamps  for  1 10 
volta  require  giaua  tubes  about  44  Ins.  lone 
'and  IH  to  1  4  ins,  in  diamotnr,  the  llghtlnK 
tube  Df  tbtt  quarli  lamp  [ur  the  Mtinc  voluge 
ia  hardly  3*4  ins,  long  and  0.4  to  0.8  In.  In 
dlami-ter:  tor  220  volts  It  la  about  fi  ina  ions- 
it  la  tberefore  possible  to  employ  Dltlngs  re- 
membllng  those  ot  arc  lamps.  On  switcklnc 
on  the  quarts  lamp,  the  light  Slla  the  whole 
tube  OS  In  the  known  patterns  of  mercury- 
vapor  lamps,  but  after  a  tlm«  the  glowing 
dUchargo  becomca  a  mere  thread,  and  lh< 
color  changes  from  the  objectionable  cnMa- 
lah-blue  to  a  yellower  or  whiter  llgbL 

HelecUuM  cf  Electric  Mo«are — It  !■  some- 
tlmos  a  question  aa  to  what  type  of  el«>ctn« 
motor  Is  best  tor  a  given  condlilon  of  worh. 
To  aid  in  making  such  a  aelnction  1  will  glva 
a  few  short  rules  for  the  simpler  forma  of 
direct -current  machlno*. 

Serlra-wound  motors  should  be  uaed  for 
heavy  loada  and  Tarlablo  apood. 

Compound- wound  motors  should  b«  naad 
tor  hravy  starting  load  and  falrty  oonstaot 
■pe«d. 

Shunt -wound  motors  abovUl  be  vaad  for 
light  starting  load  and  cunsianl  ajwad. 

■Notos: 

A  aerlea-wouBd  mMor  with  lis  high  etvtiag 
torque  makes  tt  possible  to  obtain  •  raptd 
ai««i«ratloD   under   VoaA,  «a  \i»  rvW-ww,!   ««:K*.. 
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A  compound-wound  motor  will  vary  in 
vpood  about  10%  between  no  load  and  full 
load,  Blowing  down  under  full  load. 

A  8)iunt-wound  motor  will  give  a  nearly 
constunt  Hi>eod  for  variations  in  load  as  long 
as  the  potential  of  the  current  supply  is  con- 
stant. 

A  chanKO  of  speed  may  be  produced  by 
varyluK  the  strength  of  the  magnetic  field; 
tho  woakor  the  field  the  higher  the  speed. 

Motors  may  bo  overloaded  25  to  50%  for 
ahcirt  periods,  provided  the  intervals  of  rest 
aro  Muflldontly  long  to  allow  for  cooling. — C. 
C.   atutz,   in   tho  "American   Machinist." 


T\w  AK^^ing  of  Mild  StcH»l — At  the  Vienna 
nuH'ting  of  tho  Iron  and  Steel  Institute,  Mr. 
C  K.  Stronioyer  contributed  a  second  long 
Morios  of  teats  of  various  classes  of  steel  under 
varying  conditions.  (His  earlier  tests  were 
brioHy  notUvd  in  this  department  of  the  July 
irntuo).  Somo  of  tho  samples  were  nicked  and 
IhmU  at  onoo.  others  were  stored  from  thre? 
to  eight  months  before  bending,  some  were 
boiled  for  fifteen  minutes,  while  others  were 
kept  in  the  steam  space  of  a  boiler  for  seven- 
teen weeks  under  a  pressure  of  120  lbs,: 
others,  again,  were  kept  in  cold  storage  for 
tho  same  ivrlod  at  a  temperature  of  16''  F. 

As  a  result  of  these  experiments  Mr,  Stro- 
meyor  claims  that  the  heating  of  steel  for  long 
periods  has  a  distinctly  deleterious  effeoi. 
whivh  shows  itself  in  some  cas=es  gradually' .  In 
others  more  rapidly.  The  fro.*en  samp^^^? 
ga\e  Ivuor  elon»:atious  than  ihe  steamed  sam- 
ples, and  e\en  ihiiu  the  stored  sptvlmeus.  the 
niea  u  e  *.  o  !i  »;a  i  ion  s  be  in?:  -  4 ' .  ^  or  i  g  i  n  a  O .  ^ 
isteai'.usi  or  boiled',  an. I  It*  frv^^en.  Tho 
lou»:-\ouci:nu\l  steam  inj;  orx\^itos  brittleues:? 
nort  :•  ♦.  ^  0  i v  i  *.: :  \^ f  :  !t ;  u  r > .  s v.  o  h  ;i  s  a  o r a o k ,  Tl:  i s 
i;i;;>  ha\o  w»:i  ::v.i»or:,ir-:  Vojir *.:*.»:  on  aa^in;:  ef- 
f  tv : .    ,i  V.  J.   :  •     ^ '. '  I*.   '.  V.  * '. ;  *l  i o :  v* m  s   v  a '  K :  r.  >:    ^  w  ^. :  v-  h 
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per  tests  and  cold  bends,  as  the  former  two 
would  have  detected  high-carbon  steels. 

The  experiments  have  not  resulted  in  the 
discovery  of  a  test  that  will  differentiate  be- 
tween reliable  and  treacherous  steels;  but  the 
author  pointed  out  that  steel  does  possess  age- 
ing properties,  and  that  certain  practices  in  use 
among  some  engineers  have  dangerous  possi- 
bilities. 

A  New  Hydroplane  Boat. — In  a  recent  issue 
of  "Engineering,"  a  new  hydroplane  boat,  de- 
signed by  MM.  A.  Crocco  and  O.  Ricaldini,  in 
Rome,    was    described    and    illustrated.      The 
boat  is  26  ft.   3   ins.  in  length,  and  is  fitted 
with    a    C16ment-Bayard    SO-100    HP.    motor, 
having  7  x   7-in.   cylinders.     The  motor  runs 
at  a   speed   of   1,200   revolutions   per  minute, 
and  drives  two  aerial  propellers.     The  boat  Is 
provided    with    hydroplanes   only    at   its  stem 
and   stern.      The   planes   at   the   bow    are  ar- 
ranged in  the  manner  of  a  V,  while  those  aft, 
though  similarly  disposed,  do  not  Join  at  the 
inverted  apex.     These  planes,  and  the  princi- 
pal members  of  the  frames  supporting  them, 
are  made  of  steel  plating,  the  remaining  part? 
of  the  carrier  frames  being  of  aluminum.   The 
propellers  are   of   doubled   aluminum    plating, 
and   weigh   each   about   about   26    lbs.      Their 
pitch  can  be  altered  while  running  and  they 
can    be    reversed.      Including    all    machinery, 
fuel,  and  two  men  on  board,  the  vessel  weighs 
o.oOO   lbs.      When  travelling  the   hydroplanes 
cause  the  boat  to  rise,  so  that  the  hull  is  clear 
out  of  the  water,  and  at  the  speed  of  44  miles 
per  hour,  which   has  been  obtained  with  this 
novel  form  of  vessel,  the  hull  is  about  IS  ins. 
out  of  the  water.     It  is  stated  by  the  invent- 
ors of  this  novel   type  of  boat  that  on  com- 
mencing a  run.  when  a  speed  of  about  6  miles 
per  hour  is  attained,  the  bows  begin  to  lift  in 
'.he  >»a:or.  a::d  the  fore-fins  slowly  emerge  aa 
:ho  s;>iHxJ  iiureases.     At  a  speed  of  15^  miles 
ivr  hour  :ho  hull  is  wholly  out  of  the  water. 
ov.*^    I  ho  :'..i:  :xT::on  near  the  stern  skimming 
or.  -0  s'.'.riA.v       A:  from   19  to  22  miles  the 
Vv'.x:     ->    <  ■.vvor:?:d    solely    by    the    V-shaped 
v'.i-.  o>    A*.::  ,i.:  :>.■;*  hishesi  speeds  yet  attaincHl 
:V./  >.      :<    :-.<  s:.i:ed.  I>  ins.  out  of  the  water. 
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,  THE  LIBRARY  AND  THE  BUSINESS  MAN 


B  l«  a  k-n|tb>  and  iIvIaIIpiI  paper  on  ihe 
•bot*  nilijvcl.  rmil  bvtore  Ihe  American 
Utmrj  AuMxrUUou  nt  iu  •iiniuU  cunveotlon 
tB  AshvviUe.  Sir.  0.  W.  Lee  aimed  to  show 
whMK  library  work  cvn  mean  to  bueloess  men. 
man.  Wblltr  K  U  probabty  truethkt  moat  public 
Nbrarit!!  are  well  equlpi>«<l  with  alailHtlcal 
aad  UKfanlckj  Illoraiure,  their  uwtulneu  to 
lb*  swaanil  public  as  bualnevii  aids  baa  dol 
tmua  fvllj  r«cogiili«l.  The  author  bases  hts 
piiwii  OB  ih*  work  and  Deeda  of  the  private 
ISbr*t7  of  the  Stan*  and  Webster  enKloeerlng 
corporaUoB.  ot  wblcb  he  la  Ijbrarlaii.  and 
Iraaia   the   aubject   uoder   the    totlowing   dl*l- 

•eov«  oC  tb«  btttlssH. 

DtBaado  upon  the  library. 

■oaiVM  ot  Infomallon. 

WarkiBX  melhoda.  llllnB  ayalems,  etc 

Iflipravementa  and  llmttatlona. 

floSM  uaaolved  problems. 

latorvatlon  bureana. 

ElHteraiita. 

UbeelUnr. 

For  the  purpoae  ot  ■  condenaed  review  of 
lh»  paper,  applrlng  the  methods  to  any  busl- 
■aaa,  mota*  ot  thaso  dtvlaloDa  [dbj  be  neg- 
teetad,  wUIe  the  Brai  dUlnlon  becaro<«  an  lo- 
dlTldoal  matter  ot  each  bouae,  on  which  the 
tavnwtloa.  character,  extent  and  system  oi  tbe 
Ubnrr  But  be  baawl. 

Undar  the  division  ot  Demands  upon  the 
LfbtmiT,  tt  woo  Id  be  Impracticable  to  give 
■aytUnc  like  a  complete  list  ot  the  questions 
■»d  rwquarta  that  mlsbt  cume  up  for  imme- 
diate attBBtlon  or  for  esieadod  research.  A 
aiasial  claaalDcaUon  that  mtctat  well  serve 
l«  iBdical*  ibe  scope  ot  Information  which  a 
pftrata  llhrafj  akould  have  ready  access  to, 
wwUd  liwdada  enxlBoarlns  questions,  namea 
aad  idiliiwii  qneaUona  of  spelling,  rhetoric. 
•ta..  KtaUsikal  qaeatlons,  coats  and  geoeral 
.  sad  a  multltnda  of  seosral  questions. 


How  are  Kucb  queaUou*  nnswi^reil?  The 
greater  part  of  ihe  required  Informatloa  la 
obtained  ihruuKh  the  Indexes  to  the  technical 
Journals  and  tbrougb  published  books  on  an- 
Rlneerlng  subjects.  Some  call  for  consider- 
able uxperlencc,  beside  tamlllarlt;  with  a 
number  of  reference  books.  They  are  sucb 
au  might  arise  In  any  ofllce,  vie.  Name  ot 
Secreury  of  SMte  ot  Texas,  Vlee-Presldeni  ot 
Home  railway,  or  the  addreas  ot  some  angi- 
neerlng  soclet)'.  and  are  anawered  principally 
by  reterence  to  almanacs,  newapaper  dlr«et*- 
orles,  "Who's  Who,"  the  advertising  page*  oC 
trade  Journals,  etc. 

QumtloRH  of  usage  In  Bagllah  are  almoat. 
unlimited  In  range  and  number,  and  tbera  la> 
many  a  failure  to  Dnd  rule  or  authority  lor 
much  that  one  would  expect  lo  be  settled  t>T 
ordinary  dictionaries  or  encyclopedias,  Statis- 
tical queatlonH  arise  dally  In  all  busloesa  of- 
flees.  The  variety  of  these  and  tbatr  apparent 
uselesaoeaa  lo  the  business  of  the  concern  andi 
the  very  fact  that  tbey  do  arise  and  mast  b«- 
anawered.  ahows  the  interdependence  of  all 
human  knowledge  and  how  dtfflcult  It  la  to 
antlclpato  the  full  requirements  ot  a  ■-]-■-—- 

The  aabject  of  coats  and  flnance  Is,  pei^ 
ha  pa,  the  most  common  factor  In  buatnaa* 
life,  and  a  c«Ttaln  routine  ot  reterenee  books 
and  experience  enables  one  to  pat  tbe  quae* 
iloner  readily  In  touch  with  the  anawera  to 
many  quoailooa  of  this  kind,  though  maay 
others  may  be  puatlvra,  sa  they  alwaya  have 
been  and  as  tbey  probably  alwaya  will  ba. 
There  are  many  unexpectedly  dtfltcuH  qnoa* 
tlona — Information  that  one  la  aasumed  to 
know  or  readily  asoertain  as  an  aT»rr<lar 
matter  In  hla  calling — wblcU.  tboagh  api«f 
eotly  eaay,  will  prove  almost  hopelaas  to  an- 
Bwitr.  Tot  loatauce,  look  for  the  date  ot  tba 
opening  of  the  Drat  latarurban  railway. 

Tbu  SoQTcea  at  VnltittnaiiVoft  v*.i  \>«  <^»:bn&. 
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as  follows:  Documents,  such  as  records  of 
the  business;  books,  pamphlets  and  periodi- 
cals; maps,  atlaees,  etc.;  indexes,  catalogues 
and  lists;  miscellaneous  publications;  other 
libraries,  manufacturers  and  business  houses, 
by  means  of  letter  and  telephone.  One  natural- 
ly expects  that  books  and  periodicals  are 
the  chief  sources  of  information  in  a  business 
library  as  in  any  othe^,  but  nearly  every  large 
concern  has  a  quantity  of  records  stowed 
away,  sometimes  easy  of  access  for  reference 
purposes,  more  often  difficult.  These  docu- 
ments are  always  valuable,  being  records  of 
work  planned  and  accomplished,  and  are 
adapted  to  the  particular  needs  of  the  busi- 
ness with  which  they  are  connected.  A  book 
or  periodical  can  generally  be  replaced  or 
seen  elsewhere,  but  a  typewritten  document 
involving  a  business  proposition,  statistical  or 
financial  information  or  legal  matters  such 
as  franchises,  petitions,  mortgages,  agree- 
ments, contracts  and  the  like,  is  often  a  sole 
copy  and  difficult  or  Impossible  to  replace. 
There  are  also  reports,  estimates  and  a  great 
variety  of  engineering  or  other  business 
papers:  besides  maps,  drawings,  tracings, 
photographs,  etc..  all  of  which,  if  properly 
llled  and  indexed  for  reference.,  form  a  strong 
foundation  on  which  to  build  a  working 
library.  A  wider  sco|>e  of  information  is  ob- 
tained by  subscribing  for  and  binding  periodi- 
cals and  buying  special  books  on  special  sub- 
jects— everything  is  not  contained  in  Web- 
ster's or  the  Century  Dictionary  or  In  any  one 
^encyclopedia.  The  range  of  literature  of 
this  kind  is,  of  course,  limited  only  by  the 
range  of  the  business  interests  of  the  concern. 
There  are  to-iiay  hundretls  of  trade  and  class 
periodicals  representing  every  class  of  indus- 
try, and  there  are  reference  books,  hand- 
books, manuals  and  ordinary  books  bearing 
on  general  subjtvts  and  siu^clal  features  of 
these  subjects:  thori^  aix^  also  government 
documents,  bulletins  of  all  kinds,  society 
tranj^aotions  and  trsdo  house  org.-^ns  without 
numl>er.  so  that  .•\uy  oonooru  should  have  liitl;? 
or  no  diffioulu  in  m.-^kins  up  a  useful  ov^llec- 
Uon.  The  difliculty  .-xrisos  in  the  proivr  in- 
dexing of  the  m;\tcvi;\l  for  o:Tiiiont  M'*r>ioo. 

The  \Arious  ivriodio.-^ls  publish  thotr  o^n 
anniiai  ov  ^«'^r.'.-;\nl\v.,■\l  \udo\«^s.  iMit  tV.«^  iv.ost 
impoit.'in:  sov.r.v  of  r.;ft>r;iuU;ou  '.v.c.-irdinj: 
loi-hniiAi  pono.lio.-ils  is  the  r:.-^s?iifie.l  doskrip- 
tive  ir.aox  ;o  r«vhuio!^l  Articles'*  p^bli^^bed 
wor.tv.  >  '.r.  TOihuU.-il  Literature.  This  *• 
prmwM  ^^r.  ouo  sid«>  of  the  i>Ajpe  <MiUf  ••^  ^^* 

frrnis  */in  .'i*  %'Upp<*A  and  armmftd  !•  t****** 


fled  form  either  on  cards  or  sheets,  so  as  to 
have  ready  references  as  nearly  up-to-date  as 
possible.  Among  indexes  to  more  general  lit- 
erature which  are  useful  in  every  business 
library  are  the  Reader's  Guide,  the  Cumula- 
tive Book  Index,  the  Book  Review  Digest,  the 
United  States  Catalogue,  the  A.  L.  A.  Book- 
list and  a  few  others  of  minor  importance. 
Among  miscellaneous  publications,  the  value 
of  some  of  which  are  unappreciated,  are  the 
.Document  Catalogue  of  Government  Publica- 
tions, the  Statesman's  Year  Book,  the  Al- 
manacs, city  directories,  telephone  books  of 
other  cities,  all  of  which  are  easily  available 
by  any  person. 

So  far,  only  the  demands  on  the  library  and 
the  resources  for  meeting  them  have  been 
considered.  The  Working  Methods — the  meth- 
ods of  filing  and  keeping  track  of  the  litera- 
ture and  information  are  not  of  less  import- 
ance than  is  the  matter  of  obtaining  it.  The 
classiflcation  system  most  generally  used 
Is  the  Dewey  Decimal  System,  which  may 
be  adapted  to  any  classification  of  knowledge 
and  carried  out  to  any  limit  of  specialization 
desired. 

In  Technical  Literature  for  February  an 
article  appeared  entitled  ''The  Indexing  of 
Technical  Information,"  in  which  the  subject 
is  treated  editorially,  and  in  the  same  issue 
are  articles  on  "Engineering  Periodicals  and 
the  Card  Index."  by  Prof.  H.  Wade  Hibbard, 
of  Sibley  College,  and  "A  Mechanical  En- 
gineering Index,"  condensed  from  a  paper 
read  before  the  American  Society  of  Mechani- 
cal Engineers  by  Professors  W.  W.  Bird  and 
A.  L.  Smith  of  the  Worcester  Polytehnic  In- 
i^titute.  The  information  given  in  these  arti- 
cles will  be  found  most  useful  in  the  forma- 
tion of  Working  Methods  and  the  development 
of  these  methods  must  depend  on  the  require- 
ments of  the  business. 

The  Hbrar>*,  in  order  to  reUin  its  useful- 
ness must  keep  fair  pace  with  the  growth  of 
the  business  by  way  of  additions  and  im- 
proxenu-^nis;  but  at  the  same  time  there  must 
bo  limiTations  to  this  growth,  or  the 
axor.iiio  library  space  will  become  so 
ton. cos:  ed  with  material  as  to  render 
'.:  both  useless  and  inconvenient.  Not 
only  r.;us:  space  be  considered,  but  also 
;!.o  prflc'.;ial  value  of  the  materiaL  It  is  gen- 
orr.rtv  St  lir:Ow  lodged  that  engineering  books 
^o  out  of  .:a:o  x^ry  quickly,  therefore,  if  the 
>ooks  arc-  :o  be  of  maximum  value,  it  is  nec- 
ossarj-  to  ke^p  in  touch  with  new  editions  and 
to  purchase  them  as  soon  as  prmcUcable  af- 
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ter  pabUcatlon.  In  spite  of  their  possible  fu- 
tare  use.  manr  books,  pamphlets  and  peri- 
odicals must  be  given  or  thrown  away  to  pre* 
v«nt  congestion  and  to  retain  the  effective- 
ness of  the  librar}*;  but,  on  the  other  hand, 
this  practice  of  deciding  what  Is  essential,  of 
separating  the  wheat  from  the  chaff,  will  of- 
ten prove  a  means  of  making  the  library  of 
liveat  value  to  the  concern. 

The  aim  Is,  of  course,  to  keep  the  flies  In 
close  touch  with  what  the  organization  needs 
or  Is  likely  to  need,  and  to  meet  as  far  as 
possible  the  special  interests  of  individuals. 
Important  questions  of  the  day,  new  develop- 
ments in  technical  lines  and  specialized  sub- 
jects must  always  be  considered,  besides  the 
accumulation  of  information  for  the  attention 
of  the  concern,  regarding  accidents,  hostile 
comments  regarding  their  Interests,  new  in- 
ventions, work  of  competitors,  etc. 

A  record  should  be  kept  of  all  information 
obtained  from  outside  sources  for  future  ref- 
erence In  case  similar  questions    arise. 

Some  apparently  unsolved  problems  that 
might  be  encountered  are  the  keeping  iu  touch 
with  new  books  and  book  reviews,  the  dis- 
posal of  old  books,  the  securing  of  back 
copies  of  periodicals  to  complete  broken  files, 
and  the  obtaining  of  valuable  documents  that 
are  not  printed  for  extensive  circulation  and 
to  keep  files  of  back  numbers  for  sale. 

As  mentioned  above,  engineering  books 
soon  go  out  of  date  and  are  replaced  by  new 
and  revised  editions  or  are  superseded  by  en- 
tirely new  books.  All  of  these  cannot  be 
bought  merely  on  the  advertised  statements. 
Who,  then.  Is  to  advise  if  the  new  book  is 
worth  while?  What  may  be  most  suitable  for 
one  man's  purpose  will  be  useless  for  an- 
other's. Sometimes  books  may  be  had  on 
approval  and  can  be  submitted  to  different 
persons  In  the  oflice  for  inspection,  but  too 
often  the  men  whose  opinions  would  be  of 
value  are  ver}'  busy  or  are  absent,  and  a  man 
of  leaser  importance  is  called  on  to  decide. 
In  this  way  many  books  hardly  worth  while 
may  be  hastily  approved,  while  others  of  im- 
portance may  be  as  hastily  rejected.  Book 
rt^views  differ  widely  and  often  reviewers  of 
t-qually  good  standing  will  express  dire<*tly 
opposite  opinions  as  to  the  value  of  a  given 
work.      This    difllculty    of    judRing    bookK    1h 


well  illustrated  in  the  suggestive  article,  en- 
titled "The  Ideal  Book  Review,"  in  Technical 
Literature  for  April. 

The  question  of  the  suitable  disposal  of  old 
books  and  x^^rlodicals  has  alwa>s  been  as 
serious  as  is  that  of  obtaining  back  copies. 
Any  one  library  may  have  many  of  these  to 
dispose  of  and  is  constantly  in  need  of  certain 
copies  of  other  periodicals.  But  how  are 
they  to  make  the  demand  and  supply  meet? 
There  are  editions  of  books  which  have  been 
superseded,  literature  obtained  for  a  specific 
purpose  which  It  has  served  and  which  Is  not 
likely  to  be  needed  again,  there  are  books 
that  must  be  discarded  for  want  of  space — 
all  these  are  of  use  to  someone,  but  to  m-hom? 
Likewise  where  can  the  books  and  periodi- 
cals required  be  obtained?  There  are  several 
sources  for  securing  odd  copies  of  some  peri- 
odicals where  the  publishers  do  not  pretend 
to  keep  files  of  back  numbers  for  sale,  but 
probably  the  only  method  of  disposing  of 
similar  goods  is  by  advertising  in  the  columns 
of  some  periodical  reaching  the  class  of  read- 
ers that  might  want  them. 

Of  what  value  iu  dollars  and  cents  Is  the 
library  to  the  business  organization?  It  may 
be  contended  that  It  is  a  non-productive  ex- 
pense, and  in  the  majority  of  cases  It  may  bo 
an  exceedingly  heavy  expense.  It  keeps  the 
firm  in  touch  with  up-to-date  methods  and 
what  is  going  on  In  the  world  In  their  lines 
of  interest,  and  once  in  a  while  a  question  Is 
answered  which  enables  them  to  see  that 
thereby  plans  in  their  work  have  been  changed 
to  effect  the  saving  of  thousands  of  dollars; 
for  this  reason,  the  reference  library  is  a  good 
thing  and  ought  to  be  maintained  In  spite  of 
all  objections  and  apparent  expense. 

The  possibilities  of  a  business  reference 
library  are  as  far  reaching  as  the  work  is  in- 
teresting; there  Is  hardly  a  business  concern 
that  has  not  the  foundation  of  such  a  library 
in  its  offices,  and  it  is  merely  a  matter  of  the 
proper  classification  and  up-keep  of  this  to 
make  it  an  important  part  of  the  oflice  equips 
ment.  Libraries  are  becoming  more  and  mor4 
recognized  as  centers  of  knowledge  rather  than 
centers  for  the  storage  of  books,  and  their  ex- 
tended use  by  business  houses  to  co-operate 
with  their  nm-n  private  ri.>ference  library  Is  a 
dt*volopni«'nt  that  is  Htlll  in  its  infancy. 


THE  COLOPHON 


THE  ORIGIN  AND  DEVELOPMENT  OF  THE    MODERN    PRINTER'S  DEVICE 


Nearly  every  modern  publisher  uses  a  pic- 
torial device  or  imprint  on  the  title  page  of  his 
books,  which  device  soon  becomes  familiar  to 
readers  as  the  trade-mark  of  the  house.  This 
device  is  the  modern  survival  of  the  medieval 
Colophon  or  crowning-piece,  the  certificate  of 
the  illuminator,  which  was  put  at  the  end  of 
the  book,  as  a  painter's  device  is  put  in  the 
corner  of  a  picture  and  a  stamp  or  seal  on  the 
bottom  of  a  piece  of  silver  or  porcelain. 

To  understand  the  development  of  this  device, 
it  is  necessary  to  go  back  to  the  period  imme- 
diately preceding  the  invention  of  printing, 
when  there  was  no  title-page  to  a  manuscript. 
When  the  name  of  the  book  had  been  written 
on  its  cover  of  vellum,  as  was  customary, 
there  seemed  no  need  to  repeat  it  inside  in  the 
form  of  a  full  page.  Vellum  and  linen  paper 
were  of  high  price,  and  a  full  leaf  may  have 
been  adjudged  needless  waste  by  the  copyist 
who  had  been  taught  to  cofaipress  letters  and 
huddle  words  in  an  effort  to  save  space.  What- 
e^*er  the  reason,  the  custom  was  universal.  The 
copyist  intrt>duced  the  manuscript  book  to  the 
reader  at  the  top  of  the  page  with  the  usual 
phrase  of  *'Here  begin neth  •  •  •  ••  (naming  the 
8ubjeot-mattor>  and  then  he  began  to  copy  the 
text«  which  he  often  did  without  indicating 
the  change  by  making  a  new  paragraph.  He 
rarely  afTixeil  his  name  at  the  ending  of  the 
book:  many  oarly  manuscripts  are  without 
name,  date  or  plact*  mark.  The  illuminator 
who  dfH\>rattM  the  bvH^k  with  initial  letters  and 
borders  in  briieht  «.vlors  was  not  so  miviest; 
be  add«\t  a  i^rais;raph  at  the  end  of  the  Kn^k 
In  which  ho  wr\>to  his  name  and  ct>rtll\o\l  that 
bta  work  \^as  t\nishtsl  on  a  ct^rtaln  da>*  in  a 

Tho  l\rst  i^ruitor^  follov^od  traviitional  uita,>:o: 
thov  tiixl  uot  us^i*  tU;c  j\"^jtx\;  Aud  Sv^ir.o  v>f  thorn 
did  no:  rut  :hctr  nauu^^i  or  au>  lui|>ru\t  on  t^oir 
NH>k?^  «:*.  v^r.o  o(  t>.c  t\Av'»,cst  prnUtM  Ivx'^Kii, 
Iho   *^^:^:<*   v*f    Kor.x  ;>*x»    I  v.u  s   '    suinH^sxsl    ;o 

nv^« ...««     \ A*     l<A<^(      ..%•     i*..»     \'..it^«     •>    »..t*X     ^•.* 


•vV'*-.*v    '•'W 


»    Vi 


.'v" 


IN,  •>.. 


K    ^>iNO^«*  .^«    r'.'iV 


Av*  jv-SL  :a^   ^*\\ 


the  name  of  the  printer,  but  at  the  end  of  the 
book  is  the  colophon  of  the  illuminator  in  writ- 
ing. In  a  Psalter  of  1457,  accepted  as  the  first 
book  with  a  printed  date,  the  printers  followed 
the  custom  of  the  illuminators  and  added  a 
colophon  in  type  in  which  they  advertised 
themselves  as  makers  of  books  by  a  new  pro- 
cess and  they  made  their  advertisement  con- 
spicuous by  a  pictorial  device. 

The  printers  of  this  period,  however,  chose 
to  have  their  books  impersonal,  and  many 
books  were  issued  without  place  and  without 
name,  but  many  reasons  developed  why  a 
printed  book  should  not  be  impersonal.  Care- 
ful printers  wanted  their  work  distinguished 
from  that  of  careless  printers;  piratical  print- 
ers  stole  the  works  of  others  and  issued  faulty 
reprints  at  a  lower  price,  so  it  was  not  long 
before  the  critical  reader  began  to  discover  the 
relative  merits  of  books  and  to  look  for  the 
imprint  of  a  reputable  printer  as  some  guaran- 
tee of  its  accuracy.  A  book  without  attest  was 
like  a  bit  of  silverware  without  the  official 
stamp;  it  might  be  good,  it  might  be  bad.  By 
the  end  of  the  fifteenth  century,  reputable 
printers  in  all  countries  put  their  names  at  the 
end  of  their  books,  as.  for  Instance,  "Here 
endeth  the  book  of  witty  sayings  of  Poggio 
of  Florence,  apostolic  secretary.  Printed  at 
Antwerp  by  me,  Matthew  Goes,  the  third  day 
of  August,  in  the  year  of  our  Lord,  1487." 

For    some    time    thereafter    the    colophon 

passed  through  various  stages  of  size  of  type» 

spacing  and  display.     Some  printers  made  use 

of  it  to  extol  the  merit  of  their  books  and  to 

brag  of  their  superior  ability  as  editors  and 

greater    skill    as    printers.     Nicholas    Jenson, 

one  of  the  foremost  printers  of  the  time,  car- 

rU\i  this  self-assertion  to  the  obtmsion  of  his 

|vrsor.aI   t;uaiitie€L     In  one  of  his  books  ap- 

jvars  his  colophon  as  follows: 

Mv^rto\tr.  this  new  edition  was  furnished  us 
:o  ',^r:::;  :u  Venice  by  Nicholas  Jenson,  of 
>>r.^v,xv  A  ;r;;e  Catholic,  kind  toward  all,  bene- 
Scvr.:.  cvr.orv^us.  truthful,  and  steadfast.  Id 
".ho  N.A..:^  ^:?:~::y  and  accuracy  of  his  print- 
:;*«>;.  *;•:  :v,c  t^.'.h  the  indulgence  of  all.  name 
h-.r.i  -.ho  f  ^:^:  :~  the  whole  world;  first  likewise 
x;i  h:^  r.*.arvt\^us  sp^ed.  He  exists  in  this  our 
liuic  AS  A  s;n;v:a*.  s:ift  of  Heaven  to  men«  June 
Ibircc^-v.th  :=.  tho  yc«r  of  redemption,  14 SO. 
Pn¥%w«t;. 
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I  toon  became  dlssatisfled  with  the 
tlon  and  acant  wording  of  the  tradi- 
>phon  and  tried  to  make  It  more  at- 
y  putting  it  in  meter;  others  made 
ible  by  eccentric  arrangements  of 
i  as  the  wine  cup,  funnel  and   full 

• 
ophon  maintained  its  position  at  the 
»  book  for  many  years  and  gave  great 
)  to  reader*  who  would  have  to  search 
act  name  of  the  book  and  its  printer, 
ate  and  place  of  printing,  in  a  petty 
1  at  the  end  of  the  text,  where  it  was 
nred  by  the  index  that  followed. 
Ichoeffer  was  the  first  who  provided 
»fect  by  adding  to  his  colophon  a  con- 
•lack  device.  Other  printers  followed 
;>]o  and  had  bold  devices  engraved 
Intended  to  serve  as  seals  to  a  sig- 
id  as  a  reminder  and  means  of  quick 
n  to  book  buyers  who  may  have  for- 
»  names  of  their  preferred  printers, 
beginning  this  device  was  put  at  the 
e  book,  above  the  colophon.  It  was 
small  and  simple  design  in  white,  in 
Toand;  but  the  eagerness  to  have  a 
1  would  be  striking  led  to  its  enlarge- 
afterward  to  an  entire  change  of  po- 
Hien  the  greater  part  of  the  last  page 
sctipled  by  the  last  paragraph  of  the 
device    required    a    separate    page. 

0  making  full-page  devices  and  after- 
he  putting  of  the  device  on  the  first 

vere  objections  to  the  device  of  solid 
kground:  it  was  difficult  to  print  with 
or  of  black;  if  the  book  were  bound 
ft  ink  had  dried,  the  moist  ink  would 
color  to  the  page  that  faced  it;  it 
leasly  conspicuous  and  gradually  was 
give  way  to  engraving  in  outline. 
had  increased  in  size  to  that  of  a 
,  the  query  arose  as  to  why  the  very 
:  page  that  contained  the  colophon 
»  should  be  put  at  the  end  of  the 
ere  it  could  not  be  readily  inspected. 
»  importance  of  the  title  at  the  front 
)k  was  generally  admitted,  the  change 
9  slowly. 

*st   efforts   toward    this   change   were 

the   French   printers.      Thoir  devices 

In  wood  or  soft  metal  and  contained 

of  the  printer  in  bold  letters;  but  as 

»  Intended  to  be  used,  not  in  one,  but 

1  books  of  that  printer,  they  did  not 
Ive  the  name  of  the  books  in  which 


they  appeared.  To  adopt  them  to  a  changed 
size  of  leaf,  strips  and  pieces  of  decorative 
border  were  added  to  make  them  of  the  re- 
quired Fizes.  The  pictures  selected  for  the  early 
titles  were  usually  in  outline,  so  made  in  the 
belief  that  the  buyer  would  fill  up  the  white 
spaces  with  washes  of  bright  colors.  The 
pictorial  device  was  taken  up  by  the  printers 
of  other  countries  and  soon  nearly  every 
priiTter  had  one,  but  few  had  artistic  merit. 
In  England  that  most  in  favor  was  a  pun  on 
the  printer's  name,  or  a  description  of  his  sign 
or  of  the  house  or  street  in  which  he  worked. 
On  the  continent  geometric  and  heraldic  em- 
blems were  preferred.  In  an  early  book  on 
typographical  marks  more  than  thirteen  hun- 
dred devices  were  reproduced,  and  these  were 
confined  to  books  in  the  French  language  mado 
by  French  printers  before  the  end  of  the  sev- 
enteenth century. 

The  repetition  in  different  books  of  the  same 
device  became  monotonous  to  the  reader,  as  it 
did  not  alm'ays  identify  the  printer  nor  did  it 
specify  the  book.  To  meet  this  and  other  ob- 
jections printers  began  to  make  smaller  de- 
vices and  to  give  more  prominence  to  the  name 
of  the  book  and  its  author. 

With  the  decline  of  printing  in  the  seven- 
teenth and  eighteenth  centuries  may  also  be 
noticed  the  decline  of  the  device.  Books  were 
often  published  without  one.  yet  the  need  of 
a  decorative  spot  on  a  bleak  title-page  seems  to 
have  been  felt  by  the  printers  of  every  nation. 
Some  inserted  on  the  title-page  old  wood  cuts 
that  were  often  inappropriate;  others  made  use 
of  an  emblem  or  an  unmeaning  decoration  of  a 
basket  or  pot  of  flowers.  Many  years  passed 
before  the  title  of  the  book  and  the  name  of 
the  author  received  rightful  prominence,  and 
the  publisher  became  content  with  his  name  at 
the  foot  of  the  page,  in  type  of  proper  sub- 
ordination. Publishers  improved  the  appear- 
ance of  the  page  by  suitable  devices  which.  In 
most  cases,  had  a  significance  connected  with 
their  work.  Many  of  the  modern  devices  are 
adoptions  of  those  of  the  early  printers, 
or  a  pun  on  a  name,  or  an  adoption  of  a 
monogram. 

One  peculiarity  of  the  old  colophon  Is  not 
yet  out  of  fashion  in  England:  there  the 
printer  of  a  book  still  puts  his  name  at  the 
end  of  the  work,  while  the  publisher  has  gone 
to  the  front.  In  America,  the  name  of  the 
printer  is  usually  at  the  bark  of  the  title- 
page,  which  page  also  contains  the  notice  of 
copyright 


AMERICAN  AND  BRITISH   PUBLISHERS 


THEIR  "TRADE  MARKS"  AND  SOME  INTERESTING   DATA 


WItta  the  Idea  ol  preparing  an  article  on 
"I'ulill»h«r'i  Trade  Marks,"  Technical  Litera- 
ture HiktKl  the  leading  publishing  houaea  ot 
the  United  Stales  and  Oreat  Britain  for  in- 
formation ri'KardlnK  the  date  of  establlah- 
miml.  olc,  that  would  be  of  Interest  to  read- 
ers at  boolcH,  both  Beneral  and  ecientiflc.  There 
WKi  a  prompt  response  to  this  request,  but 
whlUi  It  »-»B  not  InrRe  enough  to  make  the 
list  rtiuipU'te,  It  was  sufllcieut  to  Justify  tabn- 
IntUiK  the  infiirmntlon  for  this  Issue  of  Tech- 
nlcnl  l.ltvrnture. 

Nearly  nil  pnblfsbprs  use  a  device  on  the 
lllli>  pitKt's  of  lht>lr  books — a  survival  of  the 
mtHlli>vnI  roloiihon,  the  origin  and  develop- 
ment of  wlilrh  Is  described  In  the  foregoing 
artU-to.  To  souh-  rpadeni  these  dovlces  are  mere- 
ly i>rniinu<ntii  with  Httle  or  no  significance,  but 
mony  i>f  Ihom  havo  bii'ome  so  familiar  that 
the  t>xpUnn(Um  of  th<>lr  slgnincance  enunot  be 
wt(ht>ul  lntt<re«l.  In  Iho  following  list  of  pub- 
llshi>rs,  Itit  mnrka  show  examples  of  the  varl- 
tws  lyivM  mentioned  In  the  previous  arilrle. 
Wo  have  Also  itlven  as  fnlly  as  possible  In  the 
Kuact)  at  onr  dUiHuutl.  the  ft>undor  and  iireaent 
head  ot  house,  date  of  foundation,  class  and 
api>iM\lmttle  ijuauilty  ot  llteratnn-  i^ibtl^ed 
and  any  oihi>r  siuftally  intert'^tlni:  data. 


AlNSWOUrU  «  OOMTANV.  Ohlv.ipo.  At- 
Uut*  and  lV<\>iii.>  atsnkltn  K.  Alns- 
*vr!h  *      S«-bo.>:    NvVs      lV\uv   «s»sl    is   itc 

K!.;«^'.;^^.^^^  !K  '.  SiS  as  a  ivir'.Kcr^k'.v  '•■*- 
t»v*v.    "tiBi'i'^    VV-six'".!!",',    \:s-.s'ii.t:>-   sn,',   \V.% 


AMBRICAN  TECHNICAL  SOCIETT,  Chi- 
cago. Pounded  In  1902  by  R.  T.  Miller,  Jr., 
present  head  of  houee. 

Technical  boobs;  ten  titles. 
ATKINSON,  MBNTZER  &  QROVER,  Chi- 
cago and  Boston.  Founded  In  1S9S  by 
Charles  F.  Atkinson  (now 
President  of  the  corpora- 
tion) and  John  P.  Ment- 
zer.     School    publications. 

Device:  Various  types. 
but  always  the  laurel,  and 
scroll  with  motto  "Esse 
quam  vtderi,"  and  mono- 
gram, the  whole  sur- 
mounted by  a  crown.  Slg- 
nlflcauce — To  be  rather 
than  to  seem:  to  ring  true 
pass  at  face  value,  whatever 
that  may  be;  to  be  known  for  what  you  ara 
and  to  be  proud  of  It;  to  deceive  do  one,  least 
of  all  yourself;  this  Is  indeed  the  kind  of  hon- 
esty that  Is  the  best  policy. 

HENRY  CAREY  BAJRO  &  CO.,  Philadel- 
phia. (Henry  C.  Balrd.)  Founded  1785  by 
Mat  hew  Carey.  Technology  principally — 
^v^ral  thousand  titles.  First  publishers 
maklns  a  specialty  ot  this  branch  of  literature, 
which  was  taken  up  in  IMS.  Use  no  regular 
deviiv  oiher  than  the  portrait  ot  the  founder. 
PAKER  4  T.\TLOR  CO.,  New  York.  (Nel- 
son Tsyu.r*  Founded  1S30  by  David  P.  Rob- 
ir.sof.  and  B.  B.  Barber;  taken  over  by  Mr. 
Ja»-.<-s  >:.  Baker  and  Mr.  Nelson  Taylor  in  ISSi 
av..l  ■".'orr^'rated  in  the  present  company. 
vU-^vr*',  :::<ra;\ire — about  300  titles. 


;v.rsi    ■ 


rvKNES  t 


L,  New  Y'ork. 
Ed-.!cational     and 
.t>v<>  books. 
s    open    book 

■;y    AUrWI    S. 


-  L.  Burr  replacing 
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IHvIm:  ises.  A.  8.  Barnet  A  Co.  with  fOOB 
m»  partnm.  Burr  deceased.  Publlsli  (our  edu- 
railonal  Juurnula. 

BATES  *  UUILD  COM- 
PANY, BoMon.  Pounded 
1 K HT  by  Henry  D.  Bates. 
Prraldeot  or  ihe  Company. 
Uualness  started  In  ibe 
architectural  dept.  of  tb« 
Maas.  Inat.  ot  Tech.  as 
Batea  A  Kimball:  1S89. 
Bates.  Kimball  ft  Guild; 
IS9;.  Bate*  ft  □ufld;  1897, 
company  Incorporated.  Architectural  publi- 
cation a. 

Device  i*  an  archliectunil  design  consist- 
Ins  o(  a  liouk  nn  a  capital. 

P.  HI.ACKISTONS  80-\  ft  CO..  Philadel- 
phia. Kenneth  M.  BlarklHton,  President. 
Founded  IS43  by  Rot>ert  Lindsay  and  Presley 
llUrhlKton.  Literature  on  Chcmliiiry.  Biology 
•nd  Medicine:  about  300  titles  now  in  prees. 

IIROADWAY  Pl'BLlSHIXG  CO..  New  York. 
Founded  1902  by  Stephen  O.  Clow,  present 
bead  o(  house.  General  literature:  about  2T5 
titles.     Device,  letters  B.  P.  Co.  In  monogram. 

WILLIAM  J.  CAMPBELL.  Pblladelpbla. 
Pnbllcatlona:  American  History  and  l..aw. 
about  SO  tlOea.  Device  used  Is  the  Campl>ell 
crest — Boar's  Head  with  motto  "Ne  Obll- 
Tlacarls"  inever  [orget).  Founded  1830  by 
JohD  Campbell:  ISTI,  John  Campbell  ft  Son: 
1&79.  U'm.  J.  Campbell  and  since  1904  asso- 
ciated with  John  J.  Campbell — the  third  gen- 
erniloB. 

THE    CENTL'RY    CO..    New    York.    (Frank 

H.   Scott.   President).    Founded   ISTO   by   Kos- 

I  well     Smith.    J.     G.     Holland    and 

j  Charlea     Scrlbner.      Publications — 

I  general:    about    600    titles    not    In- 

Lludlng  magailne. 

Device  representn  an  open  book  backed  by  a 

palette  and  rays  or  light.  sugg^'stlnK  literature 

nnd  art. 

THE  C.  M.  CLAKK  PIB- 
LI8HINO  CO.,  Boston  and 
I^ndOD.  Founded  In  1900 
by  C.  M.  C.  Atkinson,  prcs- 
•nt  head  or  company.  Hooks 
of  flrtlon:    S:    titles. 

Dvrlce —  French  motto. 
"SnceeM  is  a  dutf." 


WJLLIAM      T.     COMSTOCK.     New     York. 

Founded  1BG5  by  A.  J.  Blcknell  at  SprinKOeld, 
III.:  moved  to  New  York  IMST.  and  Arm  be- 
came A.  J.  Blcknell  ft  Co.;  ISTT,  W.  T.  Corn- 
slock  entered  firm:  ISSO,  named  changed  to 
Blcknell  ft  Comsiock;  IKN2,  Mr.  Blcknell  re- 
tired and  present  firm  succeeded. 

Monthly  periodical  and  architectural  booka; 
about  200  titles. 

THEODORE    L.    DE    VINNE    ft    CO..    New 

York.     House  founded   In    1S36   by  

Plows,  an  English  printer.  Not  publishers 
but  printers  for  some  of  the  larxest  and  best 
known  piibllshlnK  houses.  T.  L.  De  VInne, 
head  or  the  company.  Is  the  author  of  several 
t-t.indard  works  on  typography. 

Device  uHed  In  private  work 
reprchcnts  part  of  a  scroll  witb 
Greek  Inscription  quoted  rrom 
Greek  dramni Ist ,  Aeschylus,  Id 
wh  Ich  be  defles  Prometheus, 
chsliK'il  to  a  roili  l.y  order  of  Jupiter,  bavins 
Icen  charKed  with  Hiiatcbing  Are  rrom  heaven, 
lu  eniimeratlnt;  the  lieuefliH  he  had  conferred 

u|H)n   mankind.   Prometheus  mi.vs:    " and 

further.  I  discovered  ror  them  numeration, 
most  slrlkhiK  of  Invention)):  unil  'composition,' 
nurre  or  the  arts,  producer  of  the  record  of 
uU  ihlngs." 

M.  A.  nONOHI'E  ft  CO..  Chicago  and  New 
York.  Pounded  Iii64  by  M.  A.  Dooobua.  Non- 
copyrlKht  literature:  about  1.100  titles. 

DOl'DLEDAY.  PAGE  ft  COMPANY,  New 
York,  Chicago,  l^ndon.  Founded  1900  by 
Frank  N.  Doubleday,  now  pret- 
Idenc  of  the  company.  Publish 
lli'tlon.  technical,  nature  and 
Beueral  literature;  about  GOO 
titles. 

Device  consists  of  an  open 
book  In  s  decorative  shield,  with  the  motto 
■Pruiius  quam  folia" — "Fruit  rather  than 
leaves,"  slgnirylng  books  of  real  value  rather 
than  mere  printed  paper. 

FRKDERICK  J.  DRAKE  ft  CO..  Chicago. 
Founded  In  IKOJ  tiy  Frederick  J.  Drake. 
Tei'hnu-Dl  and  miscellaneous  books,  about  SOO 
titles. 

IK'vke:  as  American  eagle  " 
wlih  outstretched  wlnRS  pro- 
tecting and  proelulmlni;  unlvcr- 
>a\  knowledKe.  symbollied  liy  ;i 
u  heel  uphold  iiy  claws  ot  esitio  and  contaln- 
liiK  lit  Its  renter  a  book  t>earinK  the  monOKram 
of  ihe  cnnirunv.  Beneath  la  a  Hcrlpt  with  ttie 
motto  "KuowVA^e  \»  v***^" 
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DUFFIBLD  &  CO.,  New  York. 
Founded  1S03  by  R.  K.  Fox  and 
Pitts    Duffleld.      General    lltera- 
I    ture;  about  350  tttlee. 

Device  consists   or  the   laurel 
(ind   aimle;    motto   "Fide  et  Ut- 
eris" and  monogram, 
E.  V.  miTTON  &  CO.,  New  York.    Founded 
186a  by  B.  1*.  Diitlon.     Juvenile  and  General 
Literature. 

THE   ENOINEERINQ   NEWS   PUBLISHING 
COMPANY,  New  York  and  Chicago.    Founded 
in  Chicago    In    1S74    by 
George    H.     Frost,    now 
President     of     Company. 
Buainesu    transferred    to 
►  New  York  In  ISTO.  Com- 
j   pauy   Incorporated    18S3. 
\  Publishers  ol  "Englneer- 
InK  News"  and  englneer- 
Inx      books;      about      3i> 
tit  lea. 

Device  represents  a  wax 
seal  with  name  of  com- 
iwn}  and  date  1S74.  Used  on  paper  cov- 
ered books  and  pam|iblets,  but  designed  prin- 
cipally tor  uso  on  u  bookplate. 

FUNK  &  WAGNAIXS  COMPANY,  New 
York  and  lAiudou.  Fouuded  lu  ISTG  In  .New 
York  by  Iiwac  K.  V'tink,  who  U  still  Presl- 
dont  of  the  comiutny.  Publications  are  edu- 
I'Mtlonat.  Konorni,  oiiil  periodical,  about  l.SOO. 
IVvUv  reprt>!>i>niH  Minerva, 
loddt'sa  of  Mii^rature,  kneel- 
iiK  at  iJKhit'd  lump  before  an 
ipcn  vohinu',  Colnnms  on 
iihiT  hI.U'  ehow  iniinoKTam 
Ji   W.  t'o. 

GU.VFrON  I'UKSS.  Now  Ywk  and  Boston. 
Ft>UHdi>l  ISHM  I'v  Ki«Hloil.k  U.  HUi-hciHk, 
t>rvm>n(    Ufad   ot  ln»ii*.v    lUntorlcwI.  Ki'WfalnKi- 


Thi*  Jo*  - 

„■    ».!>    >!*,-d    l-N     Kw 

••Ai\\  \i: 

,U;.-;-     \.-; 
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ti:i::  \^.^'.  '■.•.'i  >-»;■ 

■.^^■,  .>v.'. 

»>•,■     ».1S 

»u  »:■•■■;•  s 
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,1.  v-.-v- 

n*li..v   .\::: 

:■:■(.    iSo   ivm^!.   ,-i 

11,-     ■A 

V.V.     ,<■■.,! 

EJ*.v.O.   \ 

H  vurt 

:ii   OE    !liU>VUKKS. 

Nv»   ^. 

.Hk.    l.va- 

./.■«.      JU.I 

M>tf;',i:    \uk<^rw«u 

cm*-*. 

V^WotKv 

Harvey.)  Literary  periodicals  and  general 
books — about  10,000.  Founded  in  181T  by 
James  and  John  Harper,  under  the  flrm  name 
J.  &  J.  Harper;  In  1833  present  name  was 
adopted  when  two  other  brothers  were  taken 
into  partnership 

The  device,  adopted  early 
In  the  history  of  the  house, 
represents  a  torch  being 
passed  from  one  hand  to 
anotber — a  metaphor  origi- 
nating In  the  old  Greek 
torch  race  where  one  run- 
ner strove  to  pass  a  blazing 
torch  which  he  carried  to 
the  next,  without  extinguishing  It.  The  Greek 
quotation  is  from  Plato's  "Republic,"  mean- 
ing "Those  who  have  torches  will  pasa  them 
on  to  one  another."  The  significance  la  obvi- 
ous— handing  down  the  light  of  literature 
and    knowledge    from    one    generation   to   an- 

D.  0.  HBATH  ft  CO.  (Inoorporated).  New 
York,  Boston,  Ixindon  and  branchea  In  sev- 
eral American  cities.  Founded  In  1886  by 
D.  C.  Heath,  now  President  ot  the  corporation. 
Educational,  scientific  and  mathematical 
literature:  about  1,300  titles. 

HILL  PUBLISHING  COMPANY.  New  York. 
John  A.  Hill,  President. 

Founded  In  1S96  when  Mr.  Hill  purchased 
the  "American  Machinist."  Later  purchased 
"Power"  and  "The  Engineering  and  Mining 
Journal."  Also  publish  scientific  books,  prin- 
cipally mining. 

Device,  recently  adapted,  represents  a  crane 
hook  significant  of  a  Una  of  publications  in- 
cluding manufacturing,  power  and  mining. 

HENRY  HOLT  &  COMPANY,  New  York, 
Chicago.  San  Francisco.  Boston.  Henry  Holt, 
Pr««ideni.  Founded  1S5S  by  Frederick  Ley- 
l^ldl:  Incorporated  1903.  Text-books,  scleo- 
illtc  and  s^ueral  literature;  about  1,100  Utles. 
Device:  an  owi,  Minerva's 
bird,  hence  the  bird  of  wis- 
dom :  motto  "Not  many  hnt 
much."  signifying  "not  Qnan- 
'A:y  but  quality." 

Tte     predecessors     of     the 

Freshet  corporation  were  Ley- 

rc.i:    «   Holt;    Leypoldt,  Bolt 

i     W   •  ;.i:-i,<,     i=i     Ho:-.     A     WlUUms.       The 

ov:i  ::.!'        v.trti.crsMp       was       bTOtlsht       abOOt 

!^:v   .:.■    .1    tr-LiMlsi-.p  ci>mmeBecd  by  the  re- 
;,-v-,--     •;   A   -  i-.i.-.s..-rlpt  of  Mr.  Holfs  bj  Mr. 
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I^IRD  «  LEE.  Chkaito.  (Wn.  IL  Lm>.1 
Pounilvd.  IKttT,  b;-  Mr.  lxt«  >nd  Fred.  C. 
L«lnl.  Bcbuol  Bouka,  Tecbolcal.  Fiction  and 
DIrtlatiirtM;  Bb9<it  hoo  tliln. 

D«vlc«  Hlicnlflea  Literature  an 
tlM  tun  sbMldlng  lu  light  upon 
tk«  world.  U  A  L.  ut  Chlcaso. 
TvpTfrnfi  by  thf  thrw  bninctiM 
at  iho  Chlrago  River,  working 
In  tbn  sorrier  ot  literature  raur- 
«C«ou*lr.  faltbfully  and  with  aui-teM. 

JOHN  I.AXE  COMPASV.  New  York. 
( Rutger  B.  Jewell.)  Mlscellaneouii  literature, 
a.OOO  tlllM.     pounded  tSSO  hy  John  l-iiQe. 


De*lc*  cooalata  oT  puii[.< 
Bodl^.  fonndar  ol  tbv  BoiH 
lord.     Tha  nccond  mark  ts  n-' 
loU   publlcatloas  ol  tbe  bouse. 
CO..    New 


York. 


Wai 


Wai 


OrlKx:    Qrlicg   i    lailot; 
Orio.  Sniot  A  Co.— until  in  1H50.  U  waj  pur- 


chaBPd  by  Joiliua  B.  I.tpptncoll  and  1 
knowu  ai  LlppluroII,  Grambo  A  Co.  A  fvw 
years  IhIlt  It  wm  cbanK<^  U>  tbe  prukcnt  nam* 
which  bsB  stood  tor  half  a  century. 

THIS  MACUILLAX  COMPANY,  Nuw  York, 
London.  Toronto  anil  other  clttos  In  L'ulMd 
Slatn*.  India  and  AoKtralla.  Qvorg*  P.  BrMl, 
I'realdent.  PublUh  BclentlOc  and  general  llt- 
(•raluri:.  Do  not  bave  nny  aperlal  d«vlc«.  but 
uf>e  aa  an  Imprint  Ui«  nddr&>i»«>a  ol  Ibe  Tarloua 
brnnck  offlcew  of  tbe  company. 

THE  McCLl'RK  COM- 
PANY. (S.  S.  McClure.) 
Founded  In  1900  by  preiirnt 
head  ol  cotnpauy.  Fiction  a 
mlarellaneoua  lli«raturo,  about 
350  titles. 

Ovtco.  rvpreaentlng  d  DoI- 
;<:..:i   ^lud  Anchor,  la  adopted  from  tbat  o(  llw 
I     It    Italian    printer   Aldus,    and    th«    mono 

vilL  diaclp  Amerlcanus" — Arovrlcon  dia- 
rtpl<«  ol  Aldus. 

G.  ft  C.  MERRIA.M  COMPANY,  SprlBfUaU, 
Mnas..  and  Sydner.  AuBtralla.  C.  M.  Bakor, 
Prealdenl.  Founded  18S1  by  a*org«and  CbariM 
Mrrrtam.  Pnbllsbvre  ot  Webatar'a  IniemaUo&al 
Dli-ilonnrli^s,  which  name  Is  used  aa  a  ntgla- 
tored    trado    mark.      Tbe    orlKlual    Orm    pub- 


@ 


.    UTTLK 
Founded 
J.  UlUe. 
Tkla  Arm  does  not  publish  on 
lla  own  account,   but  prlnl«  for 
publlsbrrs. 

Device  represents  tho  (re«  ot  knowledge. 
lUcniryln*   knowledge  ot  bookniaklng. 

J-  B-  UPPINCOTT  COMPANY.  PhUadol- 
pbia.  N*-w  York,  London.  Montreal.  Cralge 
Upptncoti,  PrMldeni.  Kouud«d  1793  by 
Jamb  Johnson.      SclentlOc  and  Oen«ral. 

l>«'vlce.  uiolio  '-Right 
and  Forward":  rUlng 
sun  of  enllghtenmt-nt; 
trev  of  hnawtodge; 
lamp  ot  wisdom;  open 
book;   horn   ot  plenty. 

The  bustnesa  passed 
through  many  changes 
of  ownership  after  Its 
estnhllahment  —  Jacob 
Johnson ;       Johnson      ft 


Ituhed  law  and  rtrllBioua  books,  tint  alter  Ibm 
death  In  IStS  of  Dr.  Noah  Webatff.  Ibey  pur- 
chaned  the  rlgbu  to  bia  'Anierlcan  DkUonur 
of  the  Kngllxh  Ijinguago."  which  has  dereU 
uppd  to  the  modem  Tulumlnous  "iDl-rnxiiiiial 
Dictlonan." 

ISAAC  PITMAN  ft  SONS, 
No«  York  and  l>ondoB. 
t  Alfred  and  Erneat  Pli- 
raan.)  CommercUt  works, 
about  taO  tltlea.  Found- 
ed In  IS3T  by  laaae  Pit- 
man. 

Oei-lca    t«    n    registered  Ttnda  Uuk.. 
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MOFFAT,  YARD  ft  CO.,  New  York. 
(Wm.  D.  Mofltt)  Founded  IBOE  by  Wm.  D. 
MoffRtt  and  Robt.  8.  Yard.  General  litera- 
ture—about  TG  titles. 

0.  P.  PUTNAM'S  SONS,  New  York  and  Lou- 
don. Founded  1S3T  by  Qeorge  Palmer  Put- 
nam; 1866,  present  firm  organized,  of  vhlch 
Qeorge  H.  Putnam  la  head.  Publications  In- 
clude hi  story,  biography,  scientific,  educa- 
tional, medical  and  general  literature. 

Device  Involving  placque  with  letters  O.  F. 
P.  S.  In  artistic  surroundings  has  been  In  use 
tor  fifteen  years. 

BENJAMIN  H.  SANBORN  ft  CO.,  Boston, 
New  York,  Chicago.  Founded  1S9S  by  Ben]. 
H.  Sanborn.  School  and  College  text-books; 
about  200  titles. 

SILVER,  BURDBTT  ft  COMPANY,  New 
York,  and  branch  offices  In  several  cities. 
Founded  1S8G  by  Edgar  O.  Silver,  now  Presi- 
dent ot  company,  as  a  private  business;  18S6, 


Silver.  Rogers  ft  Co.;  1SS8,  present  name 
adopted  as  partnership  and  Incorporated  in 
1SS2.  Educational  text-books;  about  1,500 
titles.  Device,  letters  S.  B.  ft  Co.  in  monogram. 
A.  WBSSELS  COMPANY. 
New  York.  Pounded  1902  by 
A.  Weasels.  Miscellaneous 
literature;  about  300  tlt)es. 
Device,  an  adaptation  ot  the 
mark  of  Jenson,  the  Italian 
printer,  and  a  Latin  motto 
"Convertlte  et  proHclscere," 
which  Is  B.  rather  free  transla- 
tion of  the  Ohourkl  motto  "Face  to  the  front 
and  keep  going," 

JOHN  WILEY  ft  SONS,  New  York.  Wm. 
H.  Wiley,  President  of  the  Corporation. 
Founded  In  1807  by  Charles  Wller. 

Publish  books  In  the  fields  ot  pure  and  ap- 
plied science;  more  than  600  titles.  Represent 
In  America  the  publications  ot  Chapman  ft 
Hall,  Ltd.,  of  London. 


THE   LITERATURE   OF   METHODS  AND 
COSTS  IN  TECHNICAL  WORK 

By  HARWOOD  FROST 


Thoro  Is  probably  no  one  thing  Ibnt  gives 
the  avt'ragi'  consutltiifi  or  designing  engineer 
moro  trouble  than  obtaining  detlnlte  and  de-  • 
slrable  data  that  can  be  usod  wilh  confldeuoe 
as  a  basis  for  esllmallug  ibe  cost  ot  work. 
Second  onI,v  id  the  dcsiro  for  accurate  cost 
data-  or  porha[i*,  iirimarlly.  In  the  otilnion  of 
•nn)^.  Is  iht>  dosjre  tor  dctallod  intormation 
regarding  «u^^•^>sst^l  mothods  of  (.'secutins 
work:  nit*lhods  thai  have  saved  expenses,  saved 
tlm«.  safcKuardml  life  and  facilitated  con- 
struct ivi>  oporalious.  This  is  especially  the 
ea#e  "«hon>.  .is  not  lnfreqiieni;y  li.-ipj-.en?.  an 
«n^tnoer  is  <a''.ed  i*n  lo  «oik  vn  a  lie'.i  >*-;i 
the  deiar.s  of  which  lie  is  nci  l^.>-o^.fhl>  en- 
^^ersant.  *hev..  nianltesii>.  he  oav.r.o;  rely  .i;-.  >-.s 
own  evi-p-.UT.cir.  Viit  i-.;;;>t  sfvk  ■.:■..".:  «'  Oi^c-.s. 
His  ft:>i   viwiirse  is  io  ihe  vario;-.»  techv.i.a'. 


puJ.'.;csiie 


and  his  \it'. 


o;h.i.i  1* 
«r,s(  h 

:  and  usually. 


be  pin 


must    be  confessed,   with  very  IndlHerent  re- 

EUltS. 

Many  of  the  professional  papers  or  descrip- 
tive articles  In  the  technical  Jonmals  and  in 
the  proceedings  of  engineering  societies  are 
(oni|il6ie  In  every  respect,  except  the  vital  oae 
of  stating  methods,  costs  and  prices.  WhyT 
We  pri^sume  that  the  engineer  and  contractoi 
considers  that  this  Intormation  and  data,  often 
the  aotumulated  result  ot  man;  yearv'  eipe- 
nonit',  Iiirm  one  of  his  chief  assets  and  an  im- 
poriant  trat'.ire  of  the  "stock-in-trade"  on 
Khk'li  ba  ba^es  his  repntaUon  and  conaeqaent 
)irac:ice.  On  the  other  band,  it  Is  altogether 
l■ro^a^;^•  :!;a:  ia  many  csiaes  this  policy  of 
secrt^-.''  rcsarding  prices  to  which  so  many 
f.TKif  ii-3a.:o.:s:y  adhere,  is  really  based  on 
n»I^.lnf:  ni<,trc  •>;»»  iradltjon.  and  that  the  pub- 
lic«:iov.  of  p'''*^^  would  react  to  the  benefit 
more  il;«n  to  ite  injury  of  the  engineer  ot 
the  coBinKtor. 


BOOK    DEPARTMEN-r 


4SI 


I  kvalUbla  InforniAtloD  alons 
la  aTtdvDi.  Tbe  eDcltie«r  or  cod- 
I  ts  railed  upon  to  turDlsb  aa  «iil- 
Klvan  •DdDMrlDR  work  mu«l  know 
I  M*ce  o(  work  will  cost  to  p«rforiu 
DUik*  «  bid  which  win  yield  bim  ■ 
but  which  wtll  not  b«  »  excMiiIve 
ha  Job.  Tet  ■  large  proportion  of 
»Blracton  hava  do  rery  deOnlta 
of  tb«  coat  or  their  work.  As  to 
klla  Information  regarding  them  U 
vine,  the  tadllUee  tor  pertormlog 
operatlona  as  well  aa  for  handling 
are  eonat«nUy  nndergolng  Buch 
isea  Uiat  much  that  wa«  or  ub«  od 
I  la  MOW  out  ot  date.  It  la  almoat 
to  Bay  that  erery  piece  ot  eneln- 
coatntctlni  work  la  practically  n 
ling  for  Individual  solution. 
iDK.  then,  the  acarctty  of  methoda 
ifannallOD  and  the  need  of  It.  and 
It  there  la  plenty  of  It  among  the 
m  ot  eontractora.  why  la  there  ao 
kto?  One  reaaon  Is.  aa  mentlnnKd 
tt  to  TWgarded  by  eome  as  their 
.  "«tock-lB-lr»de."  Another  re«aon 
ned  ohJectloB,  on  the  part  of  a  au- 
avlBK  an  aaalaUtnt  deacrlbe  a  piece 
d  pvbllah  the  coet  flgures,  an  objec- 
In  the  majority  ot  casea  entirely 
lal  buslneae  policy.  In  auch  a  de- 
M  employee  naturally  rerralnn  from 
hat  might  be  conaldered  by  hla 
I  re*eall;iK  prlTate  Information,  and 
t  la  any  doubt  or  queBllon.  hi<  will 
oerely  on  the  chance  thai  It  might 
to.  A  third  reaaon  for  the  omls- 
t  data  la  a  failure  on  the  pan  of 
icera  to  comprehend  tbi.-  ueefulneaii 
a  to  other  englneera.  Many  eagln- 
th«y  ait  down  (o  write  a  profeii- 
ir.  underiahe  the  work  from  the 
t  of  Hew.  What  la  wanted  la  noi 
wcflptlon  o(  a  BlT»n  piece  of  work 
Id  be  aubardloate  to  the  uialn  pur- 
VdtBf  thoae  facta  and  Ogurea  wbli-h 
tract  practical  uae  to  other  momtei-^ 
taaaloB,  Theae  lacta  ahould  atanO 
intlr  and  not  be  burled  In  the  maoa 
It*  matter.-  On  the  other  hand, 
d  be  a  aulBcleDt  literary  excellencn 
Ibe  paper  from  becoming  a  dry 
irta  and  Dgurea,  and  making  It  far 
!ttve  than  would  be  the  aame  or 
latoraiatlon  preeented  in  auch  a 
It  H  compel*  the  attention  of  (he 
.  Illlinaiia   the  talltnt   farla   upon 


Ot  these  posilble  reaaona  for  the  acardty  of 
methoda  and  coat  data,  the  moat  Important  ta 
Ibe  first;  but  taking  all  in  all.  a  knowladga 
of  costs  Is  only  one  of  the  q  u  all  Heat  lona  needed 
by  a  aucceasful  contractor  and  I*  probably  the 
one  ot  lightest  weight,  but  odq  which  he  otten 
coaaldera  as  the  benvUit.  He  overlooks  or 
underesll  mates  the  qua  titles  be  poaseaws 
which  ho  cannot  paas  on— hi*  hnowk-dgo  ot 
when,  where,  and  how  to  get  capital  with 
which  to  operate  and  where  to  aecure  bonda* 
men;  his  business  ability  and  knowledge  of 
how  and  where  to  buy;  hla  knowledge  ot 
human  nature;  his  power  to  organlM  and 
discipline  hla  forces  to  aecure  efficient  and 
hnrmonloua  work. 

What  was  probably  the  earliest  ayslematle 
effort  to  obtain  and  publish  reliable  cost  data 
waa  made  bf  the  "Engineering  News"  some 
years  ago.  when  tt  presented  aeferal  artlclea 
dealing  with  the  detailed  coet  ot  constructlnn 
work.  The  Inlereat  thna  awakened  brought 
out  In  the  following  yearn  the  publication  ot 
many  valuable  recorda  In  both  the  "Euglneer- 
Ing  Newa"  and  other  technical  Journals.  V^ir- 
ther.  in  aome  ot  the  later  technical  hooka  tholr 
authors  have  made  it  a  point  lo  Inclnda  at 
least  one  chapter  coulalnlng  aa  much  of  this 
published  Information  as  mistee  to  the  sub- 
Jects  treated. 

With  (he  development  ot  thli  ■i>ecla]ly  «ad 
the  recognition  of  Us  loiporiance  came  ita  ape- 
clalttod  lltpraturc  The  flrsl  and  moat  lm> 
poriiint  ot  this  la  undouMcJIy  UIIlotti>'s  "Coat 
PaU"  (1905 — It.)  The  aathor  had  already 
written  three  treatlaea  on  particular  features 
of  englnnirlng  work,  but  in  this  book  be  at- 
tempts to  caver  as  nearly  a*  poasllile  all 
classes  of  conalrucilon  abd  to  present  It  In 
such  a  manner  as  to  allow  of  Ita  appllcaUan 
by  both   the  unglaeer  and  Ibe  contractor 

The  tMok  Is  divided  Inio  fourteen  •ertloAS, 
under  heads  that  facilitate  quirk  reterenc*, 
such  aa  "Cost  ot  Karth  Excavation."  "CmI  ot 
Sione  Maaonry."  "Coat  ot  Concrete  Constmc- 
tlon  ot  All  Kinds."  etc.  In  hia  preface,  (he 
aulbor  clalmi  a  distinction  between  Ibia  booh 
uikI  Imoka  on  prlcM  of  naterlala  and  contract 
prices.  He  iiolnis  out  the  difference  between 
a  ■■contract  price"  and  a  'coniract  t-osf  and 
shows  that  In  order  lo  understand  any  analyala 
ot  costs  it  la  neoeaaary  to  know  Ibe  methods 
used  m  construction  and  operation  and  the  lo- 
cal rnndlilDoa.  No(  only  does  thia  book  ctniar- 
lual  cost  data,  but  It  devolna  one  eecUon  la  an 
eiplaneUoa  of  the  systems  ot  cost  keeping, 
the  preparatloa  of  «BUnk%v«a. 
t  Ion     ot     toTCes .     axi4     wvaO^     xo\»*-«\N»5 
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Information  of  value  to  both  old  and  young 
contractors. 

One  of  the  faults  of  the  majority  of  articles 
on  costs  is  the  statements  in  regard  to  wages; 
in  many  cases,  figures  dealing  with  wages  are 
omitted,  which  is  but  natural  when  it  is  con- 
sidered that  wages  are  subject  to  constant 
fluctuation.  In  his  "Cost  Data,"  Mr.  Gillette 
has  stated  the  rate  of  wages  only  when  it  was 
possible  to  explain  the  conditions  under  which 
the  work  was  performed.  This  book  may  be 
considered  as  the  genesis  of  books  of  the  kind; 
it  has  so  far  had  pra'^tically  no  competition, 
and  while  it  gives  much  information,  costs 
are  constantly  changing,  a  condition  that  will 
probably  be  met  by  future  editions,  enlarged 
and  brought  up  to  date. 

Gillette's  "Earthwork  and  Its  Cost"  (1903' 
— $2.00)  is  one  of  the  three  books  preliminary 
to  the  author's  "Cost  Data."  In  it,  he  makes 
available  not  only  his  own  notes  on  the  sub- 
ject and  his  gleanings  from  a  careful  examina- 
tion of  a  wide  range  of  engineering  literature, 
but  also  much  data  obtained  directly  from  en- 
gineers and  contractors,  which  had  not  been 
previously  published.  He  discusses  in  the  in- 
troductory chapter  the  "Art  of  Cost  Estimat- 
ing" and  after  quoting  a  number  of  examples 
to  show  how  liable  engineers  are  to  under- 
estimate the  cofet  of  work,  fifteen  causes  of 
underestimates  are  given,  which  are  then  dis- 
cussed briefly. 

Gillette's  "Rock  Excavation — Methods  and 
Cost"  (1904 — 13.00)  may  be  considered  as  a 
companion  and  complement  of  "Earthwork 
and  Its  Cost."  When  it  was  published  it  was 
considered  one  of  the  most  important  engin- 
eering works  of  the  year.  There  is  hardly 
any  kind  of  construction  work  in  which  the 
problem  of  excavation  of  earth  or  rock  is  not 
the  first  to  be  considered;  and  in  this  book 
the  subject  is  presented  in  such  detail  and 
given  with  so  few  technical  terms,  that  not 
only  can  the  book  be  used  as  a  students'  text 
book,  but  even  a  contractor's  foreman,  who 
may  not  be  overmuch  of  a  book  reader,  will 
find  the  volume  of  interest  as  well  as  of  vast 
benefit. 

It  deals  with  every  variety  of  rock  excava- 
tion: opeu  cut.  trench,  tunnel,  and  loose  ma- 
terial: quarryirix,  railroad  and  canal  work: 
subwaNs.  pros;HHliiiv;.  nuniug.  s^haft  sinking, 
driitiug.  sloplui;.  5>ubaqueous  oxcavatiou.  and 
boulder  breaking  are  also  treated.  For  each 
class  of  work  a  number  of  records  of  costs 
are  given,  and  as  tar  as  possible  a  detailed 
description  accompanies  the  records.     Various 


methods  are  explained  in  detail  and  pointed 
and  useful  comment  is  frequently  made  upon 
the  given  method. 

Gillette's  "Economics  of  Road  Construc- 
tion" (1901 — 2d  Edition,  Revised,  1906— 
$1.00)  is  a  monograph  dealing  with  earth, 
gravel,  macadam  and  telford  roads,  and  re- 
pairs, maintenance,  etc. 

Among  books  devoted  specially  to  the  sub- 
ject of  cost  data  is: 

Arthur's  "The  Building  Estimator"  (1905— 
$1.50) — a  small  handbook  of  184  pages  in 
which  the  author  has  crowded  a  great  deal 
of  valuable  information  covering  a  wide  range 
of  subjects.  It  is  published  in  Omaha,  the 
residence  of  the  author,  and  much  of  the  data 
are  based  on  the  ruling  prices  of  that  district. 
At  the  same  time,  the  book  appears  to  be  the 
most  complete  of  its  kind  yet  published. 

Other  books  along  the  same  line  are  Hodg- 
son's "Builders'  and  Architects'  Modern  Es- 
timator" (1904 — $1.50)  and  Hodgson's  "Es- 
timator and  Contractor's  Guide"  (1904— 
$1.50)  which  describes  methods  of  pricing 
builder's  work,  and  Kidder's  "Architect's  and 
Builder's  Pocket-Book"  (Revised,  1904— 
$5.00). 

A  number  of  books  of  more  or  less -value 
have  been  published,  dealing  with  various 
phases  of  manufacturing  costs,  but  the  major- 
ity confine  themselves  to  the  systems  of  finding 
costs  instead  of  the  actual  cost  figures.  One 
of  the  faults  to  be  found  with  many  of  these 
as  well  as  with  nearly  all  works  dealing  with 
methods  and  costs  is  the  lack  of  new  and  re- 
vised editions  to  bring  the  data  up  to  date. 

Among  books  of  this  class  are: 

Metcalf's  "Cost  of  Manufactures  and  the 
Administration  of  Workshops,  Public  and  Pri- 
vate"   (3d   Edit. — $5.00). 

A  system  of  mechanical  bookkeeping  based 
on  the  card  catalogue  method,  by  which  the 
cost  of  manufactures  may  be  promptly  deter- 
mined. 

Arnolds  'Complete  Cost  Keeper"  (3d  Edit. 
1904 — $5.00)  explains  some  systems  of  fac- 
tory accounting  and  the  advantages  of  account 
keeping  by  means  of  cards,  and  gives  descrip- 
tions of  various  mechajiical  aids. 

A  moid  "s  'Factory  Manager  and  Accountant" 
Oi*oi»  $:>.00>  gives  some  examples  of  latest 
American    factory    practice. 

Caivko  and  Fells*  "Factory  Accounts"  ($3). 

Halls      Manufacturing  Costs"    (1904 — $3). 

Kee^t•s•     Cost  of  Competition"   (1905 — $2). 

Sirtuhau's     Cost   Accounts"    (1903 — $1.50). 


BCX)K   DEPARTMENT 


453 


miller's  "Cost  AccounU**   (15.00). 

Btt's  "Cost  of  Production"  (1902--$2.00). 
oods'  "Organizing  a  Factory"  (1905 — 
)K 

ivn's  "Mine  Accounts  and  Mining  Book- 
lag"    (1906—14.25). 

;ngineering  Elstimates.  Costs  and  Ac- 
U"    (1907—14.75). 

Mkold's  "Engineer's  Valuing  AssisUnt" 
Edit.— 93.00). 

iTvy'm  "Office  Management"  ($4.00).  A 
book  for  architects  and  engineers. 

lere  have  also  been  numerous  small 
^hlets  on  the  same  subject,  such  as 
t's  "Importance  of  Cost  Keeping  to  the 
Bfacturer"  (25  cents)  and  "Factory  Cost 
nau"  (SO  cenU). 

Bong  the  more  specialized  books  are 
ards'  set.  "Cost  of  Food"  (1906— 11. 00). 
t  of  Shelter"  (1905 — $1.00)  and  "Cost  of 
ig"   (1905—11.00). 

ie«e  are  technical  to  only  a  limited  extent 
night    perhaps    better    be    classed    with 
s  on  finance,  values,  money,  distribution 
««lth  or  economics. 

le  various  handbooks,  such  as  Trautwine's. 
;'s.  Byrne's,  give  a  limited  amount  of  cost 
>  and  many  books  touch  on  it  merely  in 
ectlon  vith  a  portion  of  the  subject 
cd.     Among  these  are: 

unfTer's  "Modern  Tunnel  Practice"  (1906 
.50 >.  One  chapter  is  devoted  to  "Some 
Upon  the  Cost  of  Tunneling."  In  this 
KtloB  the  author  states  the  objections  of 
mctors  to  publishing  their  information  for 
leneflt  of  others,  and  goes  on  to  say  that 
may  varying  factors  enter  into  the  matter 
«ts  that  experience  on  one  piece  of  work 
•t  always  a  safeguard  for  the  cost  of  other 
wenlngly  similar  work.  He  gives  details 
few  cases,  selected,  he  says,  chiefly  for  the 
Me  of  showing  how  such  records  should 
tpi.  These  cover  a  wide  variety  of  work 
.aael  construction. 

iirs  "Car  Lubrication"  (3d  Edit.  1901— 
9).  Cost  of  lubricants  and  lubrication. 

odhue's   "Municipal    Improvements"    (3d 
1900 — 91.75).      Cost    of    sewers,    and 
'  other  public  improvements. 

Ivell's    "Sewerage"     (5th    Edit.     1902— 

nrston's  "Manual  of  the  Steam   Engine. 
II — Design,  Construction  and  Operation." 
Bdlt.   1902—16.00). 


Byrne's  "Highway  Construction"  (5th  Edit. 
1907—15.00). 

Andrews'  "Handbook  for  Street  Railway 
Engineers"   (2d  Edit.   190J— 91.25). 

Relative  percentages  uf  expenditures  to 
gross  receipts  for  street  railways  in  Massa- 
chusetts. 

Wright's  "Designing  of  Draw  Spans"  (in 
2  parU.    1898 — 13.50). 

Richards'  "Compressed  Air"  <1895 — 
$1.50). 

Redgrave  and  Spackman's  "Calcareous  Ce- 
ments" (2d  Edit. — 14.50). 

Ketchum's  "Design  of  Steel  .Mill  Buildings" 
(2d  Edit.   1907— 14. OO). 

Ketchum's    "Design     of     \TaIIs.     Bins    and 

Grain  Elevators"   (19u7 — $4.00). 

Reid's  "Concrete  and  Reinforced-Concreto 
Construction"    ( 1907 — $5.00). 

Perrigo's  "Modern  Machine  Shop  Construc- 
tion, Equipment  and  Management"  (1906 — 
95.00). 

Brown's  "Organization  of  Gold  Mining 
Business"  ($10.00). 

Merrill's  "Stones  for  Building  and  Decora- 
tion"   (3d  Edit.    1903—95.00). 

Prices  of  stone  and  cost  of  dressing. 

Taking  up  the  subject  of  methods,  technical 
books  as  a  rule,  treat  to  a  greater  or  lesser 
extent  the  methods  employed  in  certain  lines 
of  work,  but  there  are  few  specialized  books. 
Of  these  few,  there  are: 

Douglas'  "Practical  Hints  for  Concrete  Con- 
structors" (1907 — 25  cents).  A  small  reprint 
of  two  valuable  articles  that  appeared  in  En- 
gineering News,  in  which  the  author  gives 
some  general  methods  of  design  which  govern 
flrst-class  finished  concrete  work  and  general 
methods  necessary  in  the  supervision  of  this 
class  of  work  to  attain  satisfactory  results. 

"Field  System  of  Frank  B.  Oilbreth"  Is  a 
book  devoted  entirely  to  methods,  not  enter- 
ing at  all  into  the  field  of  costs.  It  contains 
the  written  ideas  of  the  most  successful  men 
in  the  employ  of  one  of  the  most  successful 
general  contractors  in  the  United  States.  This 
book  was  originally  issued  by  Frank  B.  Oil- 
breth for  the  sole  use  of  his  employees,  the 
majority  of  whom  were  traiaed  on  the  **dapll- 
cate  part"  system.  In  which  foremen,  superin- 
tendents and  others  can  be  transferred  from 
one  job  to  another  without  further  training. 
The  methods  and  rules  laid  down  In  this 
"Field  S>'stem"  form  the  basis  of  this  training. 
The  book  is  now  offered  for  general  sale  by 
the  M.  C.  Clark  Publishing  Company. 
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In  periodical  literature,  almost  all  technical 
publications  give  more  or  less  information,  the 
greater  quantity  being  published  probably  in 
"Engineering  News"  (New  York)  and  "Engi- 
neering-Contracting" (Chicago).  The  latter  is 
edited  by  Mr.  Gillette,  author  of  "Cost  Data," 
and  calls  itself   "Methods  and  Costs"   paper. 

Much  of  the  information  published  in  books 
gives  approximations  only  which  have  but  lit- 
tle real  value  in  estimating  actual  costs  of 
prospective  work.     The  example  that  has  now 


been  set  by  these  periodicals  in  giving  details 
regarding  current  works  should  be  followed 
by  others.  Both  the  engineer  and  the  con- 
tractor will  be  benefited  by  the  publication  of 
such  information,  for  the  contractor  who 
counts  it  as  "stock-in-trade"  is  not  only 
standing  in  his  own  light,  but  is  attempting 
to  hold  back  the  wheels  of  progress.  The 
contractor  can  educate  the  engineer,  and  the 
foreman  will  reap  the  reward  and  benefit 
from  the  engineer's  knowledge. 


BOOK  REVIEWS 


RECOLLECTIONS  OF  AN  ILL-FATED  EX- 
PKIMTION  TO  THE  HEADWATERS  OF 
THE  MADEIRA  RIVER  IN  BRAZIL, — 
Uy  Nov! lie  B.  Craig.  In  co-operation  with 
mombers  of  the  Madeira  and  Mamor4  As- 
sociation of  Philadelphia.  J.  B.  Lippin- 
oott  Company,  Philadelphia  and  London. 
Cloth;  5^  X  8%  ins.;  pp.  479  +  12;  28 
plates  and  6  maps.     $4,  net. 

Reviewed   by   ALBERT   WELLS   BUEL.* 

Few  tales  of  adventure  surpass  in  general 
interest  this  account  of  an  expedition  of 
American  railway  builders,  and  not  many 
equal  it.  It  bears  all  the  earmarks  of  ac- 
curacy. While  the  completeness  and  contin- 
uity of  (he  story  Is  somewhat  sacrificed  to  the 
authenticated  veracity  of  the  historical  ac- 
count, ii  will,  nevertheless,  appeal  to  most 
lovers  of  works  on  travels  and  adventure. 

Chapter  XVI.  describes  the  sea  voyage  of 
the  luss  "Juno"  and  •  Braill."  85  and  95  ft. 
Ions.  rt»spectively.  Although  little  more  than 
the  r»vi>rd  of  the  -HniBirs"  log,  it  is  full  of 
thrilUui;  and  dramatic  inoidenta.  It  Is  ditfi- 
cuU  to  Imagine  how  a  more  iH>rllous  voyage 
CT^uKl  oud  suivessfuUy.  In  fad  they  reached 
their  ilestiuation  in  safety  only  by  the  skin  of 
their  ttvth. 

Chrt;»ter  \l  .  eutittov!  *'The  WrtH'k  of  th^^ 
Metr\n*oV.#."  t#  a  luost  hiirrv^wius  Aivvuint  of 
a  s>,r,*v*rxvk  j:tvou  u\  Quite  full  dotAlU  In  tUo 
c\^v.<*r.viir»:  ;\-irAi:rcivh  t^o  ax::>.v^r  :iA>*,  *He 
hAS  ?;-\tV.  '.^o  :,-iv*;s.  ci*  >ftUle*>  V'"^■•*^^^•.  .^'. 
tk?»  v.v.o  A'/.l  cAoh  n^Avlor  cav.  v*tM»*e  tor  ^.v.i- 
♦»'\"  ^^o:^or  ::  ^;iit  vlv.o  '.o  oirv',;iv.:?:AV.v>'?i  V^-- 
>ov.»*.    ^v-va;*.    vvv.'.*.\*'.     or   to   '.^.e   sAHie   uuvv.is- 


•*»:  <    ,v          ''A  vi" 

>  :" 

N^*'    *■'»  »fc>r!VA:s.»:>  ot 

S^  v\        S                 vx.     *     * 

•    .X  ^"   ., 

t      \N,vK     •'.•     .>*-    \}1t'W    ^ 

V"r<      *■     V'.'.s . «     *     ^' 

'.>     \\ 

».v  >•      \*«  V^»Tk  Cu> 

ished,  grasping  greed  that,  beyond  all  doubt, 
caused  the  'General  Slocum'  holocaust." 

Some  exciting  and  sanguinary  experiences 
on  land  are  also  related,  not  the  least  of  which 
is  that  of  Chapter  XXV.,  **Our  Anthropopha- 
gous Acquaintances."  This  should  suffice  to 
furnish  dreams  of  tomahawks  and  scalping 
knives  to  the  average  small  boy  for  at  least 
a  fortnight. 

But  the  greatest  value  of  the  book  is  as  a 
contribution  to  engineering  literature.  It  may 
almost  serve  as  a  treatise  on  organizing  and 
equipping  engineering  expeditions  for  tropical 
work,  until  an  authoritative  text-book  on  the 
subject  is  available.  It  should  be  read  by 
every  engineer  and  contractor  engaged  in 
operations  in  tropical  countries,  and  will  be  of 
value  to  many  others  engaged  on  works  in 
distant  lands  or  far  from  a  baae  of  supplies. 

While  many  of  the  lessons  to  be  learned 
from  Mr.  Craig's  book  are  negative,  or  **how 
not  to  do  it/*  it  contains  a  positive  one  of  sa- 
pr^me  importance  to  the  success  of  any  sndi 
enterprise,  and  that  Is  the  magnificent  loyalty 
and  esprit  de  corps  displayed  by  the  entire 
pers^>nnel  of  the  expedition,  the  Italian  labor- 
ers alone  excepted.  This  Is  the  characteristic 
th;ftC  runs.  like  a  warp,  through  the  entire 
n.*irr:!fct:ve.  and  which,  wresting  honor  from 
fAttv.r^v  vvrr.niacds  respect  for  the  men  of  the 
::.  ^ittxl  \.\^::iss'  expedition.  It  and  It  alone 
AxNwv.'^  for  the  accomplishment,  in  much 
\'S5  '.^.'^::  A  >ear.  against  terrific  odds  and 
si:Aji;tvrv.ii:  ^A^.^!:oap«5.  of 

•  1'.       •.*.'•'«*#    v-^f    lines    cut     and    surveyed 

:>.rv>-.;ijsh  the  forest, 
T?T  .'e;5  of  projected  location  made. 
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located  lloa  MUblMhed  on 
ha  rround  and  acceplad  by  ibe 
«ll«ay  company. 

n  or  located  llnv  markml  on  iho 
irauDd  but  not  Anally  Bcceptod  by 
h«  railvBr  company. 
H  ot  rlRht-or-way.    lOo   ft.   wide, 
laar«d. 

M    of    xradlns    completed    or    Itr 
rosrcaa. 

M   In   opera tt on    for   construction 
ratn. 

»a  pannanent  main  track   laid. 
M  UiMparary  matn  tra'rh  laid. 
H  talagrapb  poles  urected. 
H  Masrapb  line  coroplvted. 
■MlM  made. 

Idlan  flcvcted  at  San  Antonio. 
Uw.   acBrvfatlBg    t.t53    fu.   ron- 

mctad. 


able  ihen  ihau  now  an  aanltary  raxuiatlona 
and  proper  ratloni  for  tropical  expudlUoaa, 
but  one  would  hardly  have  expected  lari* 
quantities  of  aalt  pork  to  have  been  Included, 
even  In  1878.  It  would  aevm  that,  wbaa 
operatlnK  tbouaanda  of  miles  tram  the  baaa, 
lines  of  communication  would  be  eatabllahed 
before  ruMhlnx  In  a  InrRe  expedition,  and  not 
afterwards.  But  notwltbaUndlnK  all  tbaee 
shortcomlnKs  and  ntbers,  the  persistency  and 
determination  of  the  enKlnoera  of  the  expedi- 
tion would  certainly  have  carried  It  to  a  snc- 
ceaeful  roncluilon.  had  It  not  been  for  the 
teKal  and   Dnnnclal   dlBlcultlea  Interposed. 

Mr.    C'ralg    haa    Inserted    some    notea    ob 
malarial   fevers  In  an  appendix,  wh[«b  alloiUd 


LP  or   PART  OP   SOinil   AMERICA.    BHOWtVO   QES'SRAL    LOCATION  OP  UAPEIRA  « 

MAUoat;  R.  n. 

[Dnvn  fnia  a  BUp  comirilrd  br  iba  Aitwien  Sltim  Nmlamtlos  Co..  Ltd.1 


of  an  expedition  with  such  a 
I  have  attained  the  biKbest  eml- 
•Ir  profvsalon,  as  ha<re  O.  K. 
r.  Bflchbols.  P.  A.  Snow.  Wm.  C. 
M.   W.   Crelgbton    sad    C.    8.    Oe 

■  aaluVallr  to  be  expected. 

Ible  that  the  financial  arranite- 
kot    scrutinised    as    carefully    as 

■  at  the  present  time  before  em- 
nch  an  enierprlsc.  but  with  tho 
«4.fllHI,000)  in  the  bank  of  En«- 
L  anil  under  the  Jurisdiction  ot 
F  Kastand.  It  Is  hardly  lurprla- 
I  T,  Collins  failed  to  anUclpate 
B  ot  the  concession  by  BolUla. 
Vr  own  iBierest  and  the  nnfaror- 
crf  the  Bntllsb  Court  of  Appeals 
,of  the  trial  lustloe. 

i§m    Information    waa    avail- 


prove  nf  some  value,  but  papers  on  tho  aama 
subject  prevented  at  the  Inteniallonat  Con- 
KHtas  for  Hyslene  at  Berlin.  Sept.  IS  to  t*. 
published  In  BnKineerInK  Newa  of  Oct.  14. 
would  be  a  valuable  addition  to  this  appendix 
It  the  book  runs  to  a  second  edition,  as  It  da- 
Hi  rveii  to  do. 

The  narrativE  suKxreta  several  other  quea- 
Uona  of  h)-Kl«ne  that  might  bare  been  brieOy 
treated  In  similar  appendixes,  thai  enhaacliia 
the  value  of  the  bixik,  such  aa  diaclpllne  aad 
Importanee  of  avoiding  nnnecesaary  expoaura 
or  waste  of  enericr;  provlilons  for  lanttary 
condlitoD*.  baths,  aseptic  and  anllsepUc  pr«> 
ventlves.  etc.:  protection  from  and  Iraalment 
tor  sllnss  of  Insects  and  paraaltea:  advaB' 
tacea  of  adopUnic  certain  customs 
country  i  * 'Coat  urn  brea  de  pals")  and  pro- 
vlBloiia  tor  babllatluna  at  p«rmaA«u.i.  oamiM. 


I 
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*  headquarters.  Preliminary  expenditares  for 
BQCh  conveniences  will  prove  to  be  good  in- 
vestments, if  carried  to  the  proper  point  and 
not  too  far.  They  were  carried  too  far  in  at 
least  one  case,  where  a  contractor,  in  a  tropi- 
cal country,  established  and  maintained  a 
camp  that  could  best  be  described  as  a  sum- 
mer resort  and  the  employees  showed  their 
appreciation  by  riding  the  stock  to  death  on 
Sunday  Junkets,  causing  curtailment  of  work- 
ing capacity  during  the  first  part  of  every 
week,  and  the  loss  of  several  valuable  animals. 
The  contractor  was  bankrupted  as  might  have 
been  expected. 

The  maps  are  excellent,  and  the  illustra- 
tions very  good  indeed,  considering  the  stat^ 
of  the  art  of  photography  in  1878,  and  the  29 
years  intervening.  With  portraits  of  nine  of 
the  promoters  and  members  of  the  expedition, 
one  is  inclined  to  regret  the  modesty  of  the 
author  in  omitting  his  own. 


THE  STEAM  ENGINE  AND  OTHER  STEAM 
MOTORS. — A  Text-Book  for  Engineering 
Colleges  and  a  Treatise  for  Engineers.  By 
Robert  C.  H.  Heck,  M.  E.,  Assistant  Pro- 
fessor of  Mechanical  Engineering,  Lehigh 
University.  In  two  volumes.  Volume  II: 
Form,  Construction  and  Working  of  the 
Engine;  The  Steam  Turbine.  New  York: 
D.  Van  Nostrand  Company.  Cloth;  6x9 
Ins.;  pp.  678;  698  illustrations,  mostly  in 
the  text.     15.00,  net. 

Reviewed  by  WILLIAM  KENT.* 
The  first  volume  of  this  treatise  was  pub- 
lished in  1905.  It  covered  the  subjects  of  Ele- 
mentar>'  Thermodynamics,  the  Theory  of  the 
Steam  Engine,  the  Action  of  Steam  in  the  En- 
gine, the  Steam  Jet,  the  Entropy  Temperature 
Diagram  and  the  Mechanics  and  Kinematics  of 
the  Engine. 

The  present  volume  treats  of  several  other 
^subjects  connected  with  steam-engine  theory 
and  practice.  The  first  fifty  pages  are  devoted 
to  a  general  description  of  different  types  of 
•engines,  including  about  forty  cuts,  mostly 
half-tone  reproductions  of  photographs  of 
complete  engines.  Many  of  those  are  taken 
from  builders'  catalogues  and  they  merely  give 
views  of  the  gonornl  external  appearance  of 
the  several  engines. 

Then  follow  fifty  piiKes  of  descriptions  of 
■cylinders  with  nunu»rouH  wax-pro(v»»  line 
drawings  giving  rroHH-Htu'tlonal  views.  These 
are  followed  by  a  detailed  iIoHcrlptlon.  covering 
about  seventy  pages,  of  the  Mnvoriil  parts  that 
•enter  into  the  construction  of  the  euKlno.  such 


*Dean  and  Profemuir  uf  Mvrhitiilriil  Uiisliic*vrhiK  of  the 
L.    C.   Smith   Collfffe  of  Appllt**!   ••I'lttiifi*.   HyrarUMi   Unl- 
venity,   Syrmcuw,   S.  Y. 


as  pistons,  piston-rods,  cross-heads,  guidei, 
connecting-rods,  shafts,  cranks,  crank-discf, 
bearings,  fiy-wheels,  etc.  Numerous  draw- 
ings are  given,  many  of  them  dimensioned. 
The  form  only  is  treated,  no  attempt  being 
made  to  discuss  strength,  bearings,  surface 
pressures  and  the  like. 

Valve-gears  and  their  action  form  the  sub- 
ject of  the  next  chapter.  The  Reuleaux  and 
the  Zeuner  diagrams  are  treated  at  length. 
The  Stephenson  link  motion  is  fully  discussed 
and  the  Walschaert  and  Joy  gears  very  briefly. 
Many  forms  of  valves  are  illustrated,  together 
with  valve-gear  details,  including  eccentrics, 
Corliss  valve-gear  for  various  forms,  poppet 
valves,  gridiron  valves,  etc. ;  also  valves  of  di- 
rect-acting pumps,  air-brake  pumps  and  steam 
hammers.  This  chapter  covers  190  pages  and 
has  193  cuts.  It  forms  a  treatise  of  valves 
and  gears  which  might  well  have  been  pub- 
lished in  a  separate  volume.  It  is  very  com- 
plete in  its  descriptive  matter,  but  the  treat- 
ment of  the  Zeuner  diagram  does  not  seem  to 
be  as  clear  as  that  in  some  other  books  on 
valve-gear.  The  Sweet  and  Bilgram  dia- 
grams are  not  mentioned. 

Governors  form  the  subject  of  the  next 
chapter  of  seventy  pages.  The  kinematics  and 
centrifugal  force  and  inertia  effects  of  the 
shaft  governor  are  treated  mathematically  and 
the  chapter  will  be  found  dlflSicult  for  most 
readers. 

The  next  chapter  is  on  steam  action  and  the 
multiple-expansion  engine.  Mucli  space  If 
given  to  the  study  of  combined  diagrams,  and 
the  chapter  contains  a  good  deal  of  mathemat- 
ics and  theoretical  discussion.  It  is  a  vefy 
thorough  treatment  of  the  subject,  lllustratad 
with  many  diagrams  and  tables  of  results  from 
practice.  The  ratios  of  cylinders  are  folly 
treated.  No  other  book  of  which  the  writer 
has  knowledge  goes  so  deeply  into  the  sabject 

The  steam  turbine  is  next  treated  in  abovt 
eighty  pages,  including  descriptive  mechanici 
of  the  jet.  mathematical  treatment  of  the  the- 
ory, results  of  actual  performance  and  dealga 
and  construction  of  the  leading  turbines.  The 
treatment  is  quite  satisfactory,  considering  the 
small  amount  of  space  devoted  to  it. 

The  last  chapter  of  the  book  is  on  steam- 
engine  performance.  It  contains  a  table,  oof* 
erlng  twenty  pages,  of  results  of  teats  of  a 
groat  number  of  engines  of  diftoFent  formst  in- 
cluding the  records  of  the  most  recent  hich- 
duty  pumping  engines.  Very  full  data  are 
given  in  regard  to  all  these  engines  and  tht 
table  is.  by  far.  the  most  complete  one  of  Its 
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f  vbole  tha  book  will  be  found  v«ry 
I  K  rotvrence  book  for  pnioilcAl  «&• 
I  •ludMU.  T)i«  two  Tolnmrn  «re 
laalac  «  oomplele  trofttlM  on  Ibe  «team 
ptd  tbay  ar*  Karotly  aulUble  tor  teit- 
pL  (or  r«(«renee  book*,  tbey  are  to  b« 
|^A*d  aa  kIvIhk  a  bettor  and  fuller 
it  «r  Bom«  Bub)ect«  tban  call  tie  found 
t  lb*  oldarr  works  on  tbls  subject.  W« 
i»«  Krammatlcal  errors  such  as  "there 

EA"  on  pax*  GOT  and  "data  tbal  la" 
>.  Tbe  autbor  wema  to  use  "data" 
atcly  tn  botb  alngular  and  plural, 
W  tb«  correct  Axpraasloa  "tbeaa  data" 
pACn  CIS.  On  pM«  eoz,  we  notlM  a 
r4,  "dIBvrlQo."  wblcb  la  not  found  In 
fatj  dictionary. 


VRBINES.— Practice  and   TTHWry, — 

FYencb,   9.   B..   Mechanical 

rormcrlr      Edltor-ln-Cbtpf     ot 

"    Drattleboro.  Vt.:  The  Tt^b- 

BMond  EtdlUon.   Clotb:  !,\  k 

i  pp.  118:  numtroua  lexi  Uluatn- 

|>sd  tables.    13.  net 

t  aa    unusually   satUfactorr    book    la 

ivrr    and    wall-choaen    practice    are 

'  balancwd,  and  unneceasary  ampll- 

It  opvna  witb  a  cbapter  on 

taUl   prtnclples   o(   steam   turbine 

wUefa   tbe   differences    between 

I  trpM  nr«  clearly  aUted.     Tbls  ta 

M   *B   pagea  whtch   review   tbe 

•  on  turbines  and   the  patentu 

llui  six  succeeding  chapters, 

ges,   are   given    up   to 

lerlptlons  of  all  the  leading 

f  ot  tbe  principal  Buropean 

rtptlvtt  tnatlcr  baring   been 

I  by   tbe  author,   excepting 

I  ot  Bttropaui  machlnca.   where   It 

by     tbe     makers     themaelies. 

;.  and  X.,  comprising  4&  pages,  are 

t  a  studr  of  Bteaffi  turbine  perform- 

|g  comparison  of  tbo  rates  ot  steam 

a  of  tvrblnei  and  reciprocating  en- 

r  4ISM«lit  mnslng  conditions.   In- 

I  of  the  effect  of  variable 

■tcun.     high    and     low 

•tc     Cbapter  XI.  recounts 

■  experiments  wblrh  bave  been  ron- 

|t>scard  lo  the  Row  at  atoam  through 

o«(.    with    tb«    formulas    dn- 

TlMt   various  properties   of 


■team,  Uoth  aaturatod  and  ■nporbeated.  to- 
gether with  a  dtacusslon  of  leciperature- 
t'Ulropy  dlngrams,  are  given  In  Chapter  XIL 
Tho  next  chapter  takes  up  calculations  on  tb« 
How  ot  steam,  and  gives  mvthuda  for  the  de> 
sign  ot  noulos.  Cbapter  XIV,  discusses  vane* 
tor  the  different  typ«s  ot  turbines,  and  tbe 
following  one  is  devoted  to  a  study  of  cylin- 
drical bodies  rotating  at  high  speed*,  and  the 
methods  used  In  bslnnctng.  Chapter  XVI. 
considers  queatlonn  of  ofllclenclea  and  design, 
an  eiamplo  l>«lng  worked  out  tor  n  &0(l-KW. 
multicellular  turbine.  Tho  next  two  i-hspters 
are  devoted  to  care  and  managemDni,  and  lo 
Ibe  cundeDsing  apparatus  used  when  high 
vacua  are  employed-  Tbe  work  closea  wltb 
a  briet  chapter  on  tbe  statu*  of  the  marina 
turbine. 


i 


THE    STEAM    ENGINE    AND    OTUER    HEAT 
MOTORS.— By  W.   H.  P.  Crelghton,  U.  8. 
N,     (Retired),    Protemor    ot    Mechanical 
Engineering.  Tulane  ITnlvcrslty  of  Loula- 
lana.      New    York:     John    Wiley    A    Bona. 
l^ndon:  Chatiman  £  Hall,  Ltd.  Clolb;  i>m 
■  9^  Ins.;  pp.  4S)9;  19B  Illustrations  In  tbe 
text  and  one  folding  plate,     t^. 
Hevlewed    by    JOHN    J.    KI.ATHER." 
This  Is  an   exc«llenl   treatise  on   tbe  stean 
en|[lD«  written   primarily   for  the  use  of  engi- 
neering    students,     but     containing     a     larg* 
amount  of  niieful  Information  of  value  lo  tb« 
practicing  engineer. 

An  examination  of  the  book  show*  that  It 
Is  not  a  vade  mecum  of  the  steam  engine.  Tbe 
author  baa  had  In  mind  the  needs  of  the  engi- 
neering student,  and  tbe  matter  Is  prevented 
In  a  manner  which  la  Intended  to  train  tbe  Mn- 
dent  to  think.  This  la  the  prerequlslta  In  g 
text-book  rather  than  the  presentation  of  t 
mass  of  facts  and  data. 

As  the  author  points  out  In  bis  prefarw,  the 
principal  value  ot  text-books  should  be  In- 
structional, and  tbe  preceni  work  baa  been 
written  with  this  Id  view. 

Especial  Btrea*  has  b«eD  laid  on  fundamentgl 
prlndplea.  and  the  errors  a  student  Is  llabte 
to  make  are  dearly  Indicated.  Prolixity  In  d*- 
tAlIs  hag  been  avoided  and  the  author's  broad 
experience  u  a  toacher  nt  ongloeorlng  >ub- 
Jecta  baa  enabled  blm  to  preeent  the  matt«r 
with  a  suitable  regard  for  sevuentlal  stU*- 
ment,  which  Is  ot  so  mncb  ImportJmoa  to  the 
proper  development  of  a  mib)ect  The  book  Ig 
eflsenllally  devoted  to  thennodrnamlcs  and  tbe 
klnemattca  of  steam-engine  dealgn,  both  ot 
which  tuhjects  bare  been  bandied  Is  an  ad- 
mirable  manner.    Judldoua  otKlsehML  tikvnA- 


•Uwtiacknt  KsaVM*!.  CiWwiU.i  ol  ^VunW*- 


JS8 


TECHNICAL   LITERATURE 


/erizes  the  work  as  a  whole,  and  much  is  left 
to  the  instractor  to  amplify  and  develop  from 
his  own  experience  or  individual  preferences. 
For  instance,  the  history  of  the  steam  engine 
has  been  omitted  entirely,  and  properly  so  in 
a  work  of  this  character;  but  it  is  questionable 
whether  the  omission  of  a  discussion  of  the 
steam  engine  as  a  machine  is  Justifiab\|e. 

The  presentation  of  a  bird's-eye  view  of  the 
whole  subject  of  steam  plant  is  excellent,  but 
to  the  present  reviewer  it  seems  hardly  logical 
in  a  work  on  the  steam  engine  to  give  figures 
of  pumps  and  condensers,  accompanied  by  a 
list  of  parts,  without  giving  similar  figures  and 
discussion  of  the  steam  engine,  which  might 
well  be  extended  to  include  a  brief  description 
of  some  of  the  characteristic  types  of  engine. 
The  author  evidently  intends  that  the  student 
shall  become  familiar  with,  these  types  and 
forms,  as  well  as  with  the  details  of  construc- 
tion, by  actual  inspection  of  existing  engines 
or  otherwise;  but  it  frequently  happens  that 
these  outside  sources  are  not  available  or  are 
inconvenient  of  access,  in  which  case  a  chapter 
devoted  to  a  discussion  of  the  steam  engine 
as  a  machine  would  make  the  present  treatise 
of  more  general  value  as  a  book  of  instruction. 

The  work  starts  out  with  a  general  view  of 
the  steam-engine  plant  and  a  brief  review  of 
elementary  principles  of  the  physical  laws 
which  relate  to  the  steam  engine.  This  is  fol- 
lowed by  a  discussion  of  the  indicator  and  in- 
dicator diagrams  in  which  the  rules  for  point 
of  cut-off,  ratio  of  expansion,  horse-power  and 
so  forth,  laid  down  by  the  Committee  of  the 
American  Society  of  Mechanical  Engineers, 
have  been  incorporated. 

In  the  study  of  valve  gears  which  follows, 
both  the  Zeuner  and  Bilgram  methods  are 
given  briefly  but  clearly,  and  numerous  ex- 
amples are  presented  which  add  much  to  the 
value  of  this  part  of  the  subject. 

Chapters  V.  to  VIII.  inclusive,  which  com- 
prise about  one  hundred  pages,  are  devoted  to 
a  consideration  of  the  general  principles  of 
thermodynamics,  in  which  the  effects  of  heat 
and  heat  interchange  are  discussed.  The  Car- 
not  Cycle,  Hirn's  Analysis.  Entropy,  Thermal 
Efflciency,  and  other  generally  accepted  phases 
of  the  :oodern  conception  of  the  subject,  are 
presented  logically  and  sequentially.  The  stu- 
dent is  brought  step  by  step  into  a  complete 
knowledge  of  the  laws  of  thermodynamics, 
which  are  subsequently  applied  to  the  steam 
engine  as  well  as  to  the  gas  engine,  steam  tur- 
bines, and  refrigerating  machines. 

Condensers,  air  pumps  and  other  auxiliary 
apparatus  are  discussed  at  length  Vn  Cha\>teTft 


IX.  and  X.  This  is  followed  by  a  brief  history 
of  compound  engines  and  a  discussion  of  mnl- 
tiple-expansion  engines,  in  which  the  drawing  of 
indicator  diagrams  directly  from  round  num- 
bers is  shown.  The  convenience  of  this  method 
readily  permits  the  different  points  on  the  dia- 
gram to  be  found,  and  enables  one  to  see  at 
once  the  effect  of  any  change,  by  a  variation 
in  the  area  of  card. 

The  subject  of  engine  regulation  is  discussed 
in  detail.  The  author  divides  this  into  Revo- 
lution Control;  and  Speed- Variation  Control; 
in  which  shaft  governors  and  valve  gears  are 
studied  in  Chapter  XII.,  and  inertia  effects  in 
Chapter  XIII.  The  subject  is  covered  in  an 
admirable  manor  and  its  treatment  from  the 
point  of  view  of  the  engine  designer  is  ex- 
cellent; it  is  unfortunate,  however,  that  the 
author  did  not  carry  the  discussion  on  shaking 
forces  and  counter-balancing  a  little  farther 
so  as  to  include  a  consideration  of  the  pro- 
portions of  the  weights  and  forces  which  are 
actually  balanced  under  the  different  condi- 
tions which  are  in  practice.  Of  the  remaining 
chapters,  Chapter  XIV.  is  devoted  to  steam- 
engine  tests,  in  which  the  A.  S.  M.  E.  standard 
rules  are  given.  Superheated  steam  and  steam 
turbines  are  considered  in  Chapter  XV.,  in 
which  about  fifty  pages  are  given  to  a  discus- 
sion of  the  general  principles  of  turbines  and 
a  description  of  the  various  well-known  types 
of  machine,  including  the  De  Laval,  the  Curtis, 
Parsons  and  the  Holzwarth. 

Brief  chapters  follow  on  gas  engines  and  gas 
producers,  and  also  on  refrigeration;  but  in 
these  the  presentation  is  too  brief  to  be  of 
much  value  to  the  student,  unless  supple- 
mented by  a  large  amount  of  lecture  work  on 
the  part  of  the  instructor. 

The  chapter  on  Boiling  in  a  Vacuum  is  un- 
doubtedly of  interest  and  value  to  the  chemi- 
cal engineer  and  those  who  may  be  engaged 
in  the  sugar  and  certain  other  industries;  bat 
to  the  present  reviewer,  it  seems  out  of  place 
in  a  treatise  on  the  Steam  Engines  and  Other 
Heat-Motors. 

An  Appendix  contains  a  number  of  well- 
chosen  tables  which  are  of  value  both  to  the 
engineer  and  student. 


PLANE  SURVEYING. — A  Text-book  and 
Pocket  Manual. — By  John  Clayton  Tracy. 
C.  E.,  Assistant  Professor  of  Structural 
Engineering,  Sheffield  Scientific  School  of 
Yale  University.  New  York:  John  Wiley 
&  Sons.  London:  Chapman  &  Hall,  Ltd. 
Flexible  leather;  4x6  ins.;  pp.  xxvil  + 
794;  with  many  figures  in  the  text.   $3.00. 

While    there    are    already   several    excellent 

m«i\\wtx\^  vA  's.wxn^nAw^,  Wi^x^  «ieems  to  be  a  field 


f 

{•tw  work,  vhlcta  la  In  rokor  wara  dtt- 
tnn  U>*  olh«n.  It  has  benn  written 
(tk*  nqulmnenls  at  c«rutn  new  ni^tb- 
MmiIiIiii  survvrlDK.  eap^daUy  of  thos« 
I  4*«*lopml  la  anminer  couraea  wbere 
1^  Uw  Inalractloa  torint<rly  g\vmii  to  the 
I   baa   bMD   transrerrvd   to  the   fl«ld. 
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la  the  cronpliK  of  c1o««l]r  r»lat#d  Rhapian  and 
to|>tr«  Id  those  parts:  Ft«1d  Work,  OOoe  Work, 
SurveyltiK  Inatrumvala,  and  as  Appeodls  of 
Tables. 

In   Part   I.,   «verr    branch   of   flold   work   U 
treated   und«r   three   gonerml   beada,   vis.:    tb« 
ot  the  luBtrumenl,  the  ceneral  method  o( 


Mfam,  the  author  esplalaa  the  need  or      procedure^   and    the   practical    details   ot   field 


i,  apvciallr  anit«d  for  these  aummer 
1^  He  aafa:  "Oral  Instruction  Is  pecu- 
ladeqaata  la  field  work  where  the  stu- 
jln  more  or  lees  widely  scattered,  while 
fm  and  aucsestlon*  If  given  In  the  olass- 
m  (rwiuenU)'  misunderstood  or  forgot* 

r«  tber  can  lie  applied  In  the  Held.  The 
bl  not  aolred  by  lasulni  a  printed  col- 
let viArdaM  In  which  aucoeaalve  steps 
Itead,  for  atndenta  are  apt  to  follow  tbe 
fUlndly  and  Ihua  to  defeat  the  end  In 
1ft  wonld  seem  betl«r  to  provide  a  book 
1^  •ipUdt  directions  for  methods  ot  pro- 
mtr  suppleBienled  by  the  same  explana- 
M  (ommenls  as  the  Instructor  eud«<av- 
Blvc  orally," 

krassnt  work  la  Intended  to  realise  this 
■,  la  plan  It  ts  a  text-book  and  pocket 
Mnblaed,  while  In  scope  Its  aim  la  not 
h  \t>«  whole  Held  ot  surveying,  but  to 
■fe  thorouihneos  funilamenlnl  principles 
ttads.  As  a  tut-book.  It  deals  with  the 
H  aurreytnK.  while  as  a  manual  it  Klvea 
>0r*etlcal  suKBesUons  and  directions 
m  nsualtr  left  for  oral  Instruction, 
booh  Is  not  the  result  of  deliberate  and 
tr  planned  work  on  the  part  ot  the  au- 
■t  rwther  ot  a  painstaking  and  patient 
IK  of  queatloaa  asked,  mistakes  nmde 
jtoslUea  eacoaalered  by  students  In  sue- 
■itlas»tia  dnrlns  several  years  of  expert- 
By  keeping  a  card-Index  of 
sods  of  the  students  were  aa- 

I.  wlUk  til*  roavH  that  a  pocket  manual 
I  lv«  r<Mrm  ago  by  the  author  tor 
Jsr  U*  own  elniin.    Yearly  editions  ot 
1  ka**  been  Usned  with  chances  and 
id  by  new  records  In  tbe  card- 

iBtU  now  It  Is  offered  In  Its  present 
^  (ciMnl  use. 

booh  Is  primarily  Intended  for  students 
iBovsb  It  may  be  helptul  to  men  In 
^mrk.  It  goes  more  minutely  Into  de- 
IB  Mems  necessary  to  such  men.  It  has 
Mo  as  eonvenlnnt  as  possible  tor  rrady 
ptb  to  tbnt  the  student  may  turn  quickly 
hart  of  tbo  subject,  but  It  la  not  ar- 
n  tbo  prosrosal**  order  ot  moat  man- 

tr::: 


work:  this  arrnnKement  la  made  to  prevent 
any  obscuring  of  the  methods  ot  procedure  by 
directions  tor  the  use  of  the  Instrument,  or 
vice  versa,  and  to  separate  that  part  of  tho 
work  which  can  be  studied  In  the  claaa-room 
from  that  which  Is  better  studied  In  the  field. 

The  author  calls  attention  to  several  apodal 
featurea.  among  them; 

That  the  system  ot  eiplalnlng  tbe  general 
methods  ot  surveying  under  the  head  of  com- 
pass surveying  has  lM^en  abandoned,  and  tbo 
whole  theory  ot  horltonlal  control  Is  nxplntood 
In  connMtlon  with  transit  surveying,  Ibe  Inno- 
vation being  Justified  by  the  fact  that  manr 
engineers  seldom.  It  ever,  hsve  occasion  to  nno 
the  compass- 
That  general  statements  ot  important  prin- 
ciples and  methods  are  almost  tnvsriably  sut>- 
plemeoled  by  special  applications  or  practloal 
lllustmttons. 

That  when  there  are  two  or  more  method! 
ot  doing  tbe  same  thing,  they  am  given  ono 
after  the  other  and  then  compared. 

That  throughout  the  book  special  elTurt  has 
been  made  to  give  a  systematic  and  practical 
discussion  ot  the  sutiject  ot  errors. 

That  no  space  has  been  wasted  In  deocrlb- 
Ing  and  Illustrating  visible  parts  of  Instm- 
ments.  but  a  critical  study  Is  made  of  their 
construction  and  ndjustment.  and  a  vvry  com- 
plete chapter  Is  given  on  their  care. 

The  work  concludes  with  an  unusually  atapio 
and  detailed  index  of  thirty  pagoa.  ■ 


DKSION  AND  CONSTRrCTION  OP  DAMS.  In-  ' 
eluding  Masonry.  Kartb.  Rock-fill.  Ttmlwr 
and  Steal  Structures,  also  tbe  Principal 
Typos  of  Movable  Onms. — By  Bdwsrd 
Wegmann,  C.  E.,  M.  Am.  Soc.  C.  G.,  au- 
thor ot  "Tb*  Water  Supply  ot  the  City  ot 
New  Tork,  185S-1S95."  PIttb  Edition. 
r«vls*d  and  enlargod.  New  Tork:  Joha 
Wiley  A  Sons.  London:  Chapman  A  Hall, 
Ltd.  Cloth:  9u  X  19  Ins.:  pp.  zllL  •  411; 
Illustrated  with  ISO  taxt  flgurea,  and  133 
full-page  plates:    :s  Ubles.      tC.OO. 

The  iVrst  edition  of  this  work  was  published 
In  1SS>  aa  a  trMtJao  on  "Tb*  DMlgn  and  Coa- 
etructloa  of  Haaonrr  Dams."  It  contalaed  Ut* 
resulta   ot    tbo   stvdloa   tn«hd«    ^fs    \Va   wo-n^im 
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while  engaged  in  making  calculations  for  the 
design  of  the  Quaker  Bridge  Dam,  and  In- 
formation concerning  high  masonry  dams  built 
in  various  countries.  The  book  passed  through 
three  editions  with  very  slight  changes  or  ad- 
ditions. In  the  fourth  edition,  published  in 
1899,  the  work  was  enlarged  so  as  to  include 
the  whole  subject  of  dams,  viz.,  masonry,  earth, 
rock-flll,  timber  structures,  and  the  principal 
types  of  movable  dams.  At  the  time  of  pub- 
lication the  new  Croton  Dam  was  under  con- 
struction and  full  specifications  were  given, 
also  an  explanation  of  the  methods  by  which 
the  profile  of  this  dam  was  calculated. 

In  preparing  this  fifth  edition,  the  author 
has  thoroughly  and  carefully  revised  the  en- 
tire book  with  the  view  of  bringing  the  in- 
formation as  much  as  possible  up  to  date.  The 
newest  theories  proposed  for  the  design  of 
masonry  dams  have  been  mentioned.  Some 
parts  have  been  entirely  rewritten.  Descrip- 
tions of  all  important  dams  built  or  in  course 
of  construction,  of  which  there  is  any  pub- 
lished record,  have  been  given,  and  in  the 
cases  of  the  New  Croton  Dam,  the  highest  ma- 
sonry dam  in  the  world,  and  of  other  note- 
worthy reservoir  walls,  the  construction  has 
been  described  with  considerable  detail. 

The  newly  added  matter  includes  descrip- 
tions of  steel  and  reinforced  concrete  dams, 
high  earth  dams,  Stoney  sUrice-gates  and  roll- 
ing dams.  Altogether  the  new  matter  has  in- 
Tolved  an  increase  in  the  present  edition  over 
the  Fourth  Edition,  of  9S  pages  of  reading 
matter,  39  plates,  and  4&  text  flgur<»s  and  an 
increase  in  price  from  $5.00  to  $6.00. 

As  suted  in  its  title,  this  work  illustrates 
and  describes  the  important  structures  of  this 
throughout  the  world  and  lays  down  the 
principles  governing  design,  so  far  as  science 
has  revealed  the  law  of  internal  stresses  in 
mas$€>!S  of  maeonr>\  It  is  divided  into  three 
parts:  IVsign  and  Consist  ruction  of  Mason  r>' 
Dams;  Earthen.  Rock-FtU.  Tlnilver  and  Steel 
Dams:  MovaMo  l\fini$.  and  an  Appendix. 
There  are  3S  plates  in  the  text  and  100  at  the 
end  of  the  book:  in  the  Appendix  is  an  inter- 
esting classified  bibliography  of  the  subject, 
giving  some  .^.'iO  references  to  iHH^ks.  pamph- 
lets, government  reports,  and  periivllcals  from 
all  pans  of  the  wc^rld. 

This  hook  has  Ionic  tvv*«pu\l  a  position  ;ti  the 
llTer&Tisre  of  its  subreot  similAr  to  that  hoKI  by 
Drinker's  "Txinneltng"  in  Us  field  thjii  of  a 
work  to  which  the  professional  man  or  the 
siQviont   of  The  s;;b.ieot   mnst  refer  to  Nsvime 


8TERBOTOMY. — By  Arthur  W.  French.  Pro- 
fessor of  Civil  Engineering,  Worcester 
Polytechnic  Institute,  and  Howard  C. 
Ives,  Assistant  Professor  of  Civil  Engi- 
neering, University  of  Pennsylvania.  Nev 
York:  John  Wiley  &  Sons;;  London: 
Chapman  &  Hall,  Ltd.  Second  Edition. 
Cloth;  6x9  Ins.;  pp.  115;  illustrated 
with  47  text  figures  and  22  folding 
plates.    12.50. 

The  first  edition  of  this  hook,  published  in 
1903,  was  the  first  practical  text-book  on  the 
subject.  There  were  several  books  treating 
of  stereotomy  to  a  greater  or  less  degree,  but 
they  were  many  years  old  and  failed  to  glTe 
practical  examples  of  modem  masonry  st^l^ 
tures  and  in  some  cases  even  failed  to  properly 
illustrate  the  actual  works  of  their  own  day. 
In  this  work  the  authors  do  not  claim  original- 
ity, but  have  rather  selected  matter  from  olddr 
works,  condensed  it  where  necessary  and  pos- 
sible, and  have  brought  together  much  scat- 
tered material  into  one  practical  volume.  The 
subject-matter  covers  a  wide  range  and  in- 
cludes everything  that  the  student  Is  likely  to- 
have  need  for  in  his  future  work.  In  the  pres- 
ent edition  there  are  few  changes;  a  new  de- 
sign is  given  for  a  wing  abutment,  and  a  few 
alterations   in   the   treatment   of   the   oblique 

arch. 

Chapter  I  is  In  the  nature  of  an  introdnc- 

tion  to  the  balance  of  the  book.  It  gives  a 
general  discussion  of  building  stones,  quarry- 
ing, stone-cutting  tools,  methods  of  finishing 
the  surfaces,  definitions  of  parts  of  the  stmc- 
ture,  classification  of  masonry  and  general 
rules  and  spedflcations  for  masonry  work.  It 
is  to  a  large  extent  a  digest  of  Information  con- 
tained in  other  books,  but  Is  valuable  as  bring- 
ing together  for  easy  reference  by  the  student, 
the  terminology  of  the  subject. 

Chapter  II  gives  definitions  of  stereotomy 
and  classification  of  structures.  It  deals  with 
the  preparation  of  drawings  of  the  entire 
structure  and  its  parts;  methods  of  cutting 
stones  and  the  directing  Instruments  used  in 
cutting  plain,  cylindrical,  conical  and  warped 
surfaces  and  the  order  of  applying  these  tools; 
methods  of  making  plaster  casts  of  stone  forma. 
The  authors  advocate,  as  a  valuable  exerdae  in 
connection  with  the  study  of  the  Tarioas  prob- 
lems in  stereotomy.  the  cutting  from  blocks  of 
plaster  some  of  the  stones  called  for  In  the 
*1ra«ir.|rs. 

Ohapicr  III  gives  the  solution  of  problems 
:n  'o'lare^ided  structures,  su^  as  a  batUesa,  a 
nv>>ssie4^.  fat  arch,  a  bridge  pier  and  bridge 
a>»:;iier.t.  and  arc^itecsaral  stone  vorit. 

Chapter  IV    treats  of  struct anea  i— filning 
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t'tiAplcf  V  dlacunm  the  oblique  or  kkew 
errh,  larludtiiB  Iho  '  (ittBc"  •h«w.  Iho  rlhb«>d 
■Hrw  anil  tbr  bellcuidal  ahPW.  and  b1v«s  a 
MMIoffrsyby  of  (b*  obtl<i<io  arrh. 

In  CbapMr  VI  problem!  of  the  receuM) 
Maraellt**  Kale,  the  liemlaitberioal  (lom«  and 
lb*  (voinntrlcal  stairway  ar«  dlscnaaed. 

Hm  Aral  two  rha^t«rs  are  lDt«Dded  to  g\\« 
tke  Btudani  an  oatltne  of  ibimc  fcaturRii  o(  ma- 
MMT  oosatrnctttrn  which  must  be  in  mlod  Id 
ttmymij  drawing  plant  tor  ■loncwork.  The 
HU  two  ithapterm  contain  the  problami  of 
■nat  rrwqiMiit  occurrencv,  white  the  problema 
■lv«ii  Id  Ibe  laat  two  rbaptera  are  of  rar«r  oc- 
earrwan,  and  (or  the  most  part  are  fttvcn  In 
eeadaaaad  (orm.  Tb«tr  moat  Important  value 
la  In  th*  nantal  tralnUiR  tbajr   tamlab  to  the 


ALTKRNATINQ    CURRENT    ENGINEERINO. 
— Praetlcady  Treatwd.  By  E.  B.  Raymond. 
ChM    Vt    THtlDK     Department.    Owneral 
■Iwtric  Conpany.    Third  Edition.  Revised 
M>d   Kalarswl.   with  an   Additional   Chap- 
tar   OB   "Th*     Rotary    Convt-rier."      New 
York:    D.    Vu   NoatraDd     Co.      London: 
K«fcan     Paul,    Trench,     Triltiner    A    Co.. 
Ud.     Cloth.    GSi    >  TH    Ina.   pp.   217;    'i^ 
lllitftratloiu  In  the  text.    tl-GO,  net. 
TUa   work,   aow    In    lla   thlriL  edition,    la   n 
■•naaafal  attempt  to  present  the  xeneral  prin- 
dplaa    tnvolvad    In     alternating-current     engl- 
■«*rtBS  practlew  In  a  cotnparl  form,  and  with- 
out Um  um  of  the  higher  malhematlca.     The 
■rat   vmn  la  devoted   to  an  viposltlon  of  the 
(mwvbI  prlndplaa  of  macDetUm  and  altemat- 
lac  rarraata  employed  In  alteniaUns  work.  In 
wMcft  auck  anblacta  aa  Ilnea  of  force,   phaee, 
hrat«T«ati.   capadty.   form   and   power   tadora, 
tbrwa-phaa*  tranamlaalon.  etr.,  are  dealt  wlih. 
Part   II.   takea  up   modern   allematlng-currcnt 
apyaralas,  embradng  Ibe  dcelgn.   taatlng  and 
nae  of  th*  varlouK  claaeea  of  tranetormera;  dl»- 
tribatloB   aratpma:    altamatlnx-cnrrenl   motora 
of  all  typea.   and   generalora:   alao  the  teating 
of   aJtantators  for  varlouii  charactarlatlca  and 
■Bder   larlou*  eoodltlona.      A   chapter   on   the 
tbaory,   uae   and   tasting   of   rotary   convertora 
macladea  the  booh,     Mr.  Raymond's  thorough 
oonoopUon    nt    tb"    need*    of    young    vnglneers 
kas  anablad  blui   to  produce  a   t>ouk   for  their 
taatroetloB   that   I*   a   model  of  ronrlse   statf' 
mtlt.    clear    ntpreaalon.    and    con  oen  I  ration    of 
pwrpoaa  that  covld  woll  bo  toltowed  by  others 
la  Iba  urtparatlon  of  Inirodudory  leiu. 


Arriiil4^ur(-  antt  Bolldlng. 
CYCLOPEDIA  OF  AHCHITBCTirRE,  CAR- 
PENTRY AND  BUILDING.— A  Geoeral 
Raferencn  Work  »n  Architecture,  Carpen- 
try, Building,  SupoTtniondcnce.  Coniracta. 
Speancatluns.  Building  Law,  gtalr-Bulld- 
Ing,  EBtlmaLlng,  Maaoory.  Relnforoad 
Concrete.  Steel  CunBtructlon.  ArchltecturmJ 
Drawing.  Hhefl  Metal  Work,  Heating,  Ven- 
tilating, etc.  Prepared  by  a  Staff  of  Arcbl- 
lects.  Bulldnrs  and  Expert!,  In  Ten  Vol- 
umes. Chloaxo.  III.:  American  School  of 
Correeiiondence.  Cloth:  <4  -'i%  In*.:  pp. 
(total)  3. SIS:  numoroui  plates  and  text 
llluBlratloD*.  Introductory  price,  119,80: 
lUt  price,  IRQ. 

DETAILED  WORKINa  DRAWINGS  OF  THE 
FIVE  ORDERS  OV  ARCHITECTfRK.— 
By  Jas.  r.  Ball,  New  York;  W.  T.  Com- 
Biock.  Five  20  n  30-ln.  obarU.  Backed 
wlih  niUHlln.  leso;  mounted  on  heavy 
cardboard.  $7. SO. 

PRACTICAL  CARPENTRY,— By  William  A. 
Radfurd.  Edltor-ln-ChlBf  of  ■The  Ameri- 
can Carp^ntBr  and  Builder, "  aaalated  by 
Altrvd  N.  WoiHlii  and  William  Reuther. 
New  York :  Industrial  Publication  Co. 
Cloth:  6  V  9  Ins.:  two  volumes,  about  BOO 
pp.:  over  200  Illustrations  in  the  text, 
with  many  bouae  plana.    Each.  11, 

SWIMUINO  POOLS,^By  John  K,  Allen,  Chi- 
cago and  New  York:  Domestic  Engineer- 
ing- Boards;  fi^  <  4\  loa:  pp.  63:  Il- 
lustrated.   fO'GO- 

THE  8TKKL  BQrARE  AND  1TB  I'SES.— By 
William  A  nadford.  aaslsttHl  by  AJIred 
W.  Woods  and  William  Kputhcr.  .New 
York:  The  Industrial  Publlcailon  Co. 
Clolh:  6(9  Ina-:  two  volumes,  about  &00 
pp, :  with  many  llluatratlona  and  bonae 
diagrams.     E^ch  fl 


THE  CHEMISTRY  OF  COMMERCE.— By  Rob- 
ert Kennedy  Duncan.  New  York:  llanxr 
A  Brothers.  Cloth:  crown  Vvo.:  pp.  S!i%; 
lUuatralad.    IJ,  net. 


Clrll  KiwlMvrtaK. 

EINFUEHRrNQ  IX  DIE  (IBODABSIB.— By. 
Dr.  O.  Eggert,  Professor  In  the  Technical 
Collrgc  Bi  Danda.  Lplptlg.  Orrmany:  B. 
U.  Teubnrr.  Clolh.  h\  •  3  ina.;  pp. 
437:  ss;  llluBiratlona  In  the  text.  It 
marks:   American  price.  |4. 

FORTIFICATION— Its  Past  Achlevemenia. 
Rooeot  Deielopmsnt.  and  Futnrw  Prognaa. 
By  Sir  G.  8.  Clarke.  New  York:  E.  P. 
Dullon  A  Co.  Cloth:  (  >  •  Ina:  pp.  xia  * 
311;  il  IlluatraUona  and  1  map.  II. SO. 
net. 
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HILFSMITTEL  FUER  EISEN6ET0N-6E- 
RECHNUNGEN.— By  Ad.  Jdhrens.  Wies- 
baden, Germany:  C.  W.  Kreidel.  Paper; 
10%  X  14%  ins;  pp.  29;  11  plates  and  22 
text  illustrations.  4.60  marks;  American 
price,   $1.84. 

PLANE  SURVEYING.— A  Text-book  and 
Pocket  Manual.  By  Jobn  Clayton  Tracy, 
C.  B.,  Assistant  Professor  of  Structural 
Engineering,  Sheffield  Scientific  School  of 
Yale  University.  New  York:  John  Wiley 
&  Sons.  London:  Chapman  &  Hall,  Ltd. 
Morocco;  4^x6%  ins.;  pp.  xxvii.  +  792; 
illustrated  with  line  cuts.     $3. 

PRINCIPLES  OP  REINFORCED  CONCRETE 
CONSTRUCTION. — By  F.  E.  Turneaure, 
Dean  of  the  College  of  Engineering,  Uni- 
versity of  Wisconsin,  and  E.  R.  Maurer, 
Professor  of  Mechanics,  University  of 
Wisconsin.  New  York:  John  Wiley  & 
Sons.  London:  Chapman  &  Hall,  Ltd. 
Cloth;  6x9  ins.;  pp.  viii.  +  317;  11  plates 
and  130  figures.     $3,  net. 

TABLES  PF  QUANTITIES  FOR  PRELIMI- 
NARY ESTIMATES. — By  E.  F.  Hauch 
and  P.  D.  Rice.  New  York:  John  Wiley 
&  Sons.  London:  Chapman  &  Hall,  Ltd. 
Cloth;  4  X  6V^  ins.;  pp.  iii.  +  92.  $1.25, 
net. 

THE  DESIGN  AND  CONSTRUCTION  OF 
DAMS. — Including  Masonry,  Earth,  Rock- 
fill,  Timber  and  Steel  Structures;  also  the 
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THE  IXUl'mOX  TlfK  IXTKUltATIK(J 
WATT-HC>rK  HhTKH. 
By  H.  W.  YOUSa. 
Tbtt  Bliiglr-ph*»e  IndurftOD-irpo  InleKoUng 
wMttB«t«r.  now  prkcllcklly  adopted  u  a  alanil- 
ani  tor  slteriuiUniE  current  (vrrlcc,  hu  alaad- 
Uy  d***l«pMl  Hud  l>o«D  linpfov«^l  (or  several 
f««ra.  ae  Ibat  today  It  has  practlcalty  super- 
Mdwd  tli«  oldar  rorm  of  commulaior-typo  me- 
Ian  unptorlni  wire-wound  armatiiroa.  The 
4mIkii  bu  bvvB  broQKht  lo  Buch  a  point  that 
lIUl*  r«aulBa  to  ba  dectrod.  as  tbe  uivtom  cnn 
b*  BMd  undvr  widely  varying  rondlllons  ot 
ntltase.  load,  rr«(iu«Dcy  and  power  factor. 
«ad  uii4«r  th«>«  mndltlon*  arp  amirate  to  a 
d<jnr»a  never  obtained  with  tht-  rommutalor 
Irp*  of  aivter.  Id  fact,  the  Improvement  la 
Meter  dtkliin  baa  be«ii  ao  marked  that  tla- 
Uoaa  berelolore  heavily  bandlcapped  by  tbe 
VMm  of  Bietera  rvqulrlng  heavy  upkeep  or 
■ualniMiaBce  rharct*  and  Improper  acrurapy 
charBCterUllca.  have,  by  thu  adoption  ol  the 
■wdarn  Indurtlnn  meter,  been  placed  on  a 
nich  bfiter  financial  TootJnK- 


In  trnrinK  tbe  di>vetopu)ent  ot  the  Induction 
meter  It  U  Inti-rcstlnft  lu  noti'  that  the  luoat 
■ucccenrnl  typf«  havtt  been  ihove  wbliA  Id- 
corpurate  ibt)  recoicnlied  fundamental*  of  d*- 
•Ign:  Damety,  that  the  maKnelle  cirniK 
muat  be  so  dealgned  as  to  Inaure  blth  accuracy 
under  all  rondlilons  of  load:  that  the  nvolv- 
liiK  element  muat  he  of  Hiibt  welxhl;  that  tlia 
rcKlsterlnf;  mechanlatn  must  be  aa  near  trie- 
ilonleta  as  poaalble  and  be  trev  from  curroaloD: 
nnd  that  the  lower  bearlns  mutit  be  ao  con* 
■iructed  aa  lo  give  low  initial  and  ultltnato 
frlrtlan.  It  la  aafa  to  aay  that  a  meter  d»- 
HlKner  who  iKuorea  these  fundameoiala  br  em- 
ployluB  Iwproprr  electrical  or  mechanical  de- 
atgn  or  unduly  heavy  movlni  elementa  will 
only  aucceod  In  prodiictnit  an  Inferior  typo  ol 
m«ter. 

One  of  the  mott  auccvaatul  typea  o(  Indue* 
tlon  meter  U  llluairaled  In  FlRa.  1.  I  and  3. 
ahowini:  frnnt  and  rear  viewa  reopecUvely. 
VlgB.  2  and  3  showing  the  measuring  clemMU 
removed  from  the  caMi.  In  principle  and  op- 
eration  this   meter   la  analogoua   to   a  aladfr 
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J^=  Bbunl  0011  mounlMl  on  Iron  U— .up%»<»<'  ^  . 
Bb  =  StrIM  colls  mounud  on  Iniu  liniDittloDi  B'. 
13  =  OMI-lroii    suiiEHirUni   trmmt. 
D  =  kltbt-hwd  ■djiutiuenl, 

I'  =  BaUDclDi  Imp  rer  U. 

pbase  Induction  motor  haviug  a  stutlonary 
ahuni  and  series  winding  so  related  nud  lo- 
cated na  to  produce  a  rotnUuK  mngaetlc  field 
Mrting  upon  a  close  rotable  secondnrj-,  wblcb 
In  (his  deeigt)  ciinslstB  ot  a  light,  corrugated 
alumtnum  disk. 

Tb«  shunt  winding  conalsllng  of  a  large 
number  of  turns  ol  fine  wire  wound  on  a  lam- 
inated Iron  core,  la  hlshly  Inductive  and  lU 
current  lags  approximately  90'  behind  the 
voltage  ot  the  line.  The  series  winding,  hnv- 
IBS  but  a  lew  turns  or  heavy  wire,  has  a  low 
seU-tndncUon  and  with  a  properly  dc^'itned 
BkeAsurlng  element  the  resultaikl  fields  ot  ih^ 
ahiiiil  and  s«rl«s  element  are  90°  out  ot 
pltasp.  With  thla  relation  o(  the  two  Belds 
the  nMctloDs  are  so  combined  as  to  produce 
a  tolatlng  field.  TbU  ratatlss  field  Induces 
•ddr  curreats  la  the  alumlanm  disk  which 
react  to  prince  rotation  In  the  same  manner 
aa  la  the  rt»ur  ot  an  IndiKtloii  motor.  As  the 
rotarr  field  Is  a  eomhIttatlOB  ot  the  eertea  anl 
AmM  OeldA,  the  tarqM  or  tarsbic  »OT»meat 
oa  the  disk  Is  dlrecUj  proportional  to  the  eft- 
eccr  Sowiac  la  tk*  elrcall  to  whlek  the  m<^ 
t«r  la  eoaaecled. 

iKIth  a  drlvlBC  lorqne  K*>porti<»a«l  to  th« 
r  Aowlitf  ta   the  circuit.  It  lie 


;l.EME.\TS    OF    INDUCTION    TYPE    METER, 

(Rear  View.) 
imlniitant  A'.  K  =:  PemjaneDi  mogaeu  moiimed  a\ 


in  order  to  produce  steady  rotation,  that  a 
retarding  torque  be  provided  which  will  bo 
proportional  to  the  driving  torque.  This  con- 
trolling force  is  secured  by  causing  the  alom* 
inum  disk  to  pass  between  the  poles  of  per- 
manent magnets  whose  fields  induce  eddy  cui^ 
rents  In  the  dish.  The  Inter-actlon  between 
the  magnetic  fields  produces  a  retarding 
lonjue  varying  directly  with  the  disk  speed. 
By  this  combtaaiion  of  driving  and  retardlnc 
torques  the  speed  o(  rotation  Is  always  pro- 
imrUonal  to  the  energy  passing  through  the 
measuring  coils. 

In  order  that  induction  meters  may  be  op- 
erated upon  commercial  circuits  having  wide 
voltage  raiiatlons.  it  U  necessary  to  so  de- 
sign the  electromagnetic  system  that  tocnU- 
hratloa  will  be  noDeceasary  to  meet  tbe  Tary- 
ing  conditions.  In  the  design  under  consid- 
eration this  Is  aeconpltahed  by  so  proportion- 
ing the  teokage  gaps  that  the  greater  portion 
ot  the  Riacnetic  Unes  are  shnnted  and  do  not 
pa»  Ihroagh  or  cot  the  disk.  To  deterndno 
that  Ibis  successfnlly  accomplishes  the  de- 
sired reewtts  It  Is  only  necessary  to  note  tb» 
rharwrt»rlMle  nam  shown  In  Fig,  I.  As  will 
Im  awn.  the  meter  wtll  accorately  tttMlba- 
wtthLn  the  limits  of  J«  volts  to  135  rolla.  U 
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UluurmUnfl  Uw  rofln«iD*Dt  of  d«slKa  attained. 
Tbww  curvM  ar»  mlso  iBlurMtliig  In  CHbI  th«r 
■Ibo  allow  m  »ery  MtUafartory  accuracy  under 
rarjlas  loadi  aniJ  rrvqiieacy. 

To  roi»p«nuie  the  meter  for  the  Blatlc 
and  ranalna  rrlrtlon  ol  the  movlnK  elements, 
a  ■o-«all«d  Itsbt-load  adjuotment  is  provldeil. 
Thta  U  acmmpllsbed  by  locating  two  closed 
covpCET  loopa  Id  the  leakago  KaPB  of  the  poien- 
Ual  Kill,  and  the  Induced  dux  tbua  appllvs  a 
eoanaat  ma«aaUc  flvld  la  Uie  dlrectioD  of 
rotation.  Br  *arrlnK  the  position  of  these 
hMpa.  more  or  leu  compensation  may  be  ne- 
car*il,  aa  found  necoaaary. 

In  order  to  aocure  tbe  hlKbeat  paaHlblo  In- 
Itui  and  lite  accuracy  It  Is  essential  ibst  tli>r 
Tviatlns  element  bo  provided  wlih  a  t>«arlng 
«hicb  will  itlfe  a  mluliuum  friction,  and  mIbo 
be  capable  of  xlvlnic  a  Inng  life  without  Im- 
pAlment  of  Its  polished  surfaces.  Tbia  de- 
•Irnbl*  faMturr  ba*  been  secured  by  adopting  a 
baarlai  which  Is  a  marked  departur«^  from  the 
famis  employed  In  the  older  forma  of  meleni. 
.  Tb«  bearing  coadsta  of  a  btghly  pollabed  aiMt 
tall  located  between  iwu  Mpphlre  Jewels,  nno 
of  wkkh  la  mounted  on  th<-  rotable  abaft  and 
lb*  o<her  no  a  flzed  Jewt-I  iircw.  A*  thu  dUk  re. 
voiTse  tbe  ball  movea  from  Iih  Inlilal  poiltion. 
Ct*lnc  a  rolllni  action  rather  than  tbe  rulr- 
kla«  action  of  lb«  alder  lorm  of  bearing.  Tbln 


cIiautnR  point  Dt  ConUct  llvee  a  lon|er  Hie 
and  lower  tricllon  than  rju)  possibly  be  se- 
cured by  the  uae  uf  tbe  rubbing  or  pivot  typ* 
of   bearing. 

When  ibia  roller  type  of  bearing  was  fintt 
Introduced  In  meter  design  many  people 
tboiight  that  It  was  a  useless  eipensa.  laaa- 
miicli  as  two  jewels  were  neceaaary.  and  tberv- 
for«  tbe  Jewel  coat  was  double  tbnt  of  the 
older  form  of  inetom.  Experience  baa  proTen 
that  the  adoption  Of  the  ball  bearing  was  one 
of  tbe  highly  Important  rellnoments  tn  raatar 
dealgti.  and  service  teata  during  tbe  past  three 
years  have  entirely  sustained  tbe  claim  orig- 
inally made  for  this  type  ot  bearing.  Meters 
have  been  run  under  serrlce  condltlona  and 
at  such  loads  that  the  dials  hare  reglatered 
:t,000  KW.-hra..  or.  on  the  basis  ot  300  KW.> 
hra.  per  year,  tbe  m*ter«  have  performed  a 
service  equivalent  to  10  years*  ordinary  Ilgbt- 
Ing  aervlcw. 

At  the  end  of  the  teat  tbe  following  reaalU 
wore  secured:  ''All  tbe  nietara  were  wlthltt 
m  full  load  and  G(Kv  ot  the  netere  were 
within  2*;  at  2^  of  load.  None  oC  the  (•• 
malntng  meteta  showed  errora  exceedlnc  &% 
at  2-.  of  load."  Such  a  showing  la  saUataiy 
factory,  to  ssy  the  least,  and  amiriy  JuaUflea 
the  additional  mnaufactnrlni  expense  altaJl* 
dent  In  tei-urlnc  ibis  design  ol  beacla.v 
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A  simple,  practical  method  of  analyzing  the 
subject  of  meter  bearings  is  to  consider  that 
in  practically  all  moving  machinery  where 
minimum  friction  and  light  running  is  de- 
sired, some  form  of  ball  bearing  is  adopted; 
and  a  little  thought  will  show  that  this  is  of 
even  more  importance  in  meters  than  in  the 
moving  element  of  the  average  machine. 

The  weight  of  the  revolving  element  is  one 
of  the  most  important  factors  affecting  Jewel 
life,  and  therefore  the  initial  and  life  accuracy 
of  meters.  With  an  increase  or  decrease  of 
weight  the  jewel  wear  is  correspondingly  in- 
creased or  decreased,  and  it  will  at  once  be 
apparent  that  the  lighter  the  moving  element 
the  less  friction  will  be  present.  The  weight 
of  moving  elements  employed  by  the  different 
designers  varies  with  wide  limits,  some 
employing  elements  weighing  45  grams, 
or  approximately  1 V6  oz. ;  others  employ- 
ing 33  grams,  or  approximately  1  oz.; 
and  in  the  meter  under  discussion  the 
designers  have  succeeded  in  reducing  the 
weight  to  15  grams,  or  approximately  ^  oz 
All  of  the  earlier  forms  of  meters  employe  1 
comparatively  heavy  moving  elements,  but  r*? 
the  evil  effects  of  such  weights  on  jewel  life 
became  better  known,  designers  have  stead 
endeavored  to  reduce  this  weight  to  a  mini- 
mum. 

Owing  to  the  fact  that  employing  heavy 
disks  (and  therefore  reducing  the  resistance 
to  the  induced  currents)  is  one  of  the  easiest 
and  cheapest  methods  of  securing  a  high  torque 
or  turning  moment,  many  designers  have 
been  tempted  to  adopt  this  expedient  rather 
than  the  preferable,  although  more  expensive, 
method  of  developing  a  more  efficient  electro- 
magnet system;  but  as  the  matter  is  becoming 
better  understood,  purchasers  are  beginning 
to  demand  long  life  with  accuracy,  and  this 
demand  will  inevitably  result  in  the  abandon- 
ing of  rotating  elements  having  excessive 
weight. 

During  the  past  few  years  much  discussion 
has  been  provoked  over  the  relative  import- 
ance of  torque,  ratio  of  torque  to  weight  ami 
ratio  of  torque  to  friction.  Many  have  con- 
tended that  this  value  alone  gives  no  true  in- 
dication of  a  meters  ability  to  give  or  main- 
tain accuracy,  and  that  before  passing  judg- 
ment it  is  also  necessary  to  know  the  values 
of  torque,  weight  of  moving  element,  ratio  of 
torque  to  weight  and  ratio  of  torque  to  fric- 
tion. 

Much  time  and  discussion  could  be  saved 
if  the  subject  were  treated  in  a  simpler  man- 


ner; that  is,  if  the  person  in  doubt  would 
simply  regard  the  meter  as  a  miniature  motor- 
generator  set,  in  which  the  measuring  coils 
and  one  edge  of  the  disk  constituted  the  diiv- 
ing  motor,  and  the  opposite  edge  of  the  disk 
in  conjunction  with  the  permanent  or  drag 
magnets  were  regarded  as  the  driven  ganoia- 
tor.  The  work  expended  by  the  motor  should 
(in  order  to  give  a  perfect  ratio  between  the 
motor  and  generator)  be  entirely  expended 
in  driving  the  generator;  but  it  will  quickly 
be  seen  that  this  condition  is  impossible,  ow- 
ing to  the  friction  always  present  in  the  lower 
bearings,  upper  bearing  and  registering 
mechanism. 

A  metdr  might  be  so  constructed  as  to  have 
a  torque  of,  say,  1,000  gram-millimeters;  but 
with  such  poorly  designed  mechanical  parts 
the  larger  part  of  the  work  would  be  ex- 
pended in  overcoming  friction,  and  a  com- 
paratively small  percentage  would  be  ex- 
pended in  driving  the  disk  through  the  field 
of  the  permanent  magnets.  Such  a  design 
could  be  secured  by  the  use  of  a  heavy  disk, 
by  expending  a  large  amount  of  energy  in  the 
measuring  coils  or  by  employing  both  of  taese 
methods.  The  u£e  of  a  heavy  revolving  ele- 
ment is  fatal  in  its  effect  on  jewel  wear,  and 
therefore  accuracy  of  registration;  the  expen- 
diture of  large  amounts  of  energy  in  the 
measuring  system  entails  excessive  and  pro- 
hibitive watt  losses,  so  that  a  little  considera- 
tion will  illustrate  the  fact  that,  in  the  last 
analysis,  "the  ratio  of  torque  to  friction'*  is 
the  real  determining  factor.  A  high  ratio  of 
torque  to  friction,  or  in  other  words,  a  very 
large  expenditure  of  work  in  driving  the  gen- 
erator as  compared  to  that  expended  in  over- 
coming friction,  can  only  be  secured  by  the 
most  careful  electrical  and  mechanical  design 
of  the  various  meter  elements;  and  among 
the  most  important  of  these  is  the  actual 
weight  of  the  revolving  element  and  the  type 
of  lower  bearing  employed. 


PIBLICITY  KXCaXEERlNG. 

•We  live  in  the  day  of  specialists;  of  men 
who  perfect  themselves  in  particular  fields: 
who  thereby  attain  maximum  efficiency.  Civil 
ongiueering  ouce  embraced  all  that  was  not 
military;  but  specialization  has  developed  the 
mechanical,  the  mining,  and  the  electrical  en- 
gineer, who  in  turn  have  specialised  in  in- 
dustrial, metallurgical,  illuminating,  and 
scoreei  of  allied  branches.** 


INDUSTRIAL  ENGINEERING 


*t 


Sbo»,  ITO  Summer  8L.  Bvs- 
,,  who  bMM  l»l»\y  Mivar«M)  IiIb  cod- 
lU  iba  B.  F.  SturI«TBDt  Co.  lu  entar 
Of  adrartlalDg.  ha«  tMued  m  booklet 
'Bblldtjr  B&ilDeerlnK."  to  which  ibe 
pftTMntph  U  the  In  trod  action. 
iT«  pablldtr  «s  a  necMaltr  In  luod- 
oC  BiAiturfteture  and  ule  vt  mn- 
d«Tolop«N]  tha  "piiblldtr  engl- 
m  Utl«  wbicb  may  be  Mid  tu 
keloDS  to  >D  enitlnenr  who  bna  d«- 
publlcit)'  aa  dlstlagulahed 
MlT«rtlBin|(  wrl(«r  who  has  nrqulrcd 
Ivdce  o(  «nglDV#rlDg.  As  s  rule 
Ucltr  eii|tln*er"  dcTuIes  his  entlrti 
IB  Intvrasta  ol  a  stnulv  coDcern  m»  a 
'.  m«Biber  of  Ita  sintl.  This  ta  ««]! 
.  «hMt  tb«  mamltude  of  the  buslnaflH 
m  blth-Brade.  blKbly  paid  publicity 
but  for  imallpr  concerna  thn  lodo- 
•^al>llcliy  tMiglne^r."  experleoced  in 
\i  r«talD«d  aa  an  expert,  ta  la  a 
(!*•  br  b«ller  eerrlce  than  can 
A  la  anr  otbvr  way.  For  hia  equlp- 
rM|ulr«a  a  technical  training,  ahop 
t,  ability  aa  a  writer,  and  an  intl- 
Ulntanre  with  methods  ot  publicity 
»■ 

jkla  «q«lpment,  aupplemeoted  by  a 
■cqnalntaDca.  be  la  In  a  poal- 
;e  the  entlr«  conduct  ot  pub- 
s  nambrr  of  manutacturere.  lluUed, 
aati-cainp«<ilng  lines,  and  by  hla 
(Ira  pcraonal  atteoUon  to  each. 

ipled  wlib  rotation  to  each 
Old  b*  «qulvaJ«Dt  to  ibat  of  pub- 
iB*r  npoti  the  regiilar  BtnR,  and  the 
nld  Include  ewrythluK  vcrtalnlng 
Asa.  plarlcK.  and  oheck- 
IMiper  advertlalng.  the  prepara- 
r*d*  eataloKuca.  Bli-Ta,  and  clrculu 
Bpeclal  technical  treailaoa,  and  thv 
I  of   photoxrapby.  Bogravlng,   prlni- 

■vlca  meaoa  that  tb«  i.-aUr«  burden 
li  trom  the  ahoulden  ot  the  manu- 
lad  ^tftc«d  in  the  handa  ot  an  ei- 
awiuka  that  In   training   and  expcrl- 

Ipart  Batnrall7  eicela  the  ordinary 

uaac«r.  and  all  mattor  1*  wriitan 
llnaer  tor  angliieera.  and  above  alt, 
nilt  will  be  more  prnductlre  pub- 
k  U  the  advertlalng  end  of  a  bual- 
kl41«d.  K8  It  1e  In  many  tnatabcca.  by 
who  taaa  a  little  time  to  apare 

h*a  from  other  dutlea. 


TBK    FtTBUSHBR'S    CO-OPKRATIV-B    OCW- 

PANY. 
A    t'acfnl   Adjnnct   to   an   En«lBerrlii(  CMBee. 

Thla  concern ,  w  htch  auooeed*  the  well- 
known  flrm  ot  Montgomery  *  Company,  la 
what  might  be  called  a  "literary  ahop."  Wblle 
lu  work  Is  especially  of  value  to  publlsbera  ol 
booka  and  periodical*,  Ita  uaetulneaa  to  tech- 
nical aocletles,  profeaalonal  engineers  and  man- 
u(a«turlng  Orms  cannot  be  overlooked.  Tbe 
company  lays  atress  upon  Ita  plans  tor  oentral- 
lilng  Id  one  organtaatton  the  varloua  depart- 
ments of  lltorary  wark  usually  conducted  u 
aeparato  enterprlaea.  With  a  comprobenidve 
dfvelopnient  ot  each  ot  these  branchea  In  spe- 
cial departroenta.  and  with  tbe  OBsoclatlon  of 
their  workers  In  one  company  where  tbe  detail 
and  routine  are  all  referred  to  a  oentral  man- 
agement,~-tbe  editor,  tbe  adentlat, — the  pnn 
teaalonal  man  In  any  calling,  may  be  reaaon- 
ably  aaaured  that  all  ateps  In  the  prooeas  of  any 
literary  undertaking  entruated  to  auch  a  com- 
pany will  stand  a  chanca  □(  being  more  eapedl- 
tloualy. — and  more  conaUtently  carried  out, — 
than  when  the  separate  detalla  ot  Ita  prepara- 
tion must  t>e  entruated  auoceaalvely  or  pteoo- 
roeal  to  different  IndlTlduala  and  companies. 
Thla  company  doee  no  publlablng. — but  In  ad- 
dlUon  to  lU  buslneaa  ot  preparing,  or  ba1pln( 
to  prepare. — matter  tor  preaentatlon  to  pub- 
llsbera. or  lecture  audlencea.  It  makes  It  atao 
Ita  bualoesa  to  aaalat  In  finding  publlebora  for 
suihora.  and  In  making  arrangementa  for  l«^ 
turea.  The  lecture  department  conoertia  lta*lt 
mainly  with  work  In  connection  with  claba  and 
societies  for  the  discuulon  ot  arta  and  sdenoea, 
as  well  as  ot  education,  reform,  anil  general 
progress,  and  Is  privileged  to  call  upon  a  coma 
of  iMturers  antborltatlve  In  their  choaen  aub- 
JecU. 

Tbe  departments  for  Ornerai  Reaearcta  and 
Translation  comprehend  the  bulk  nf  detail 
work  usually  Indispensable  to  the  literary  or 
profeaalonal  man,  and  to  th«<  publisher,  at  rarl- 
oua  Junctures  In  tlwlr  undertaklnga.  Tbe 
General  Reeearch  department  corora  encyclo- 
pedia compilation;  Indeilnx;  literary  sdeooe, 
with  the  preparation  of  biographies,  and  tabe- 
latlons  and  daielflcallona  of  mlsoellaneoua  sab- 
]e<TU.  and  general  editorial  rerUloa. 

In  the  Tranalatton  department,  ^Mdal  at- 
tention is  directed  to  tlie  aecurate  and  Idio- 
matic rendering  ot  technical  and  sctenllflv  laat- 
t«r,  and  ot  belles  lettree,  aad  Utroagb  the  f- 
partmest  apodal   negotlatloBs  are   m>ade  wttfc 
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publlibers  for  the  translRtlOD  ol  the  current 
forelgs  UUrary  out^t  of  ImportAnce. 

Under  the  head  of  Special  Research,  the 
compilation  of  works  on  art,  sciences  and  relig- 
ions iB  undertaken,  and  the  preparation  of 
teit-booka.  Through  the  Reviews  department 
the  company  Is  prepared  to  arrange  for  the 
periodic  contribution  to  current  publications, 
syndlcatea  and  the  like, — of  reviews  of  litera- 
ture, art,  music  and  drama, — and  of  special 
articles  upon  topics  of  International  and  timely 
Interest. 

As  a  part  of  Its  own  scheme  the  company 
has  need  of  an  advertising  department,  and  this 
It  places  at  the  service  of  clients  finding  use 
for  any  of  the  multiple  forma  of  publicity. 
Through  Us  general  corps  of  office  assistants 
the  company  Is  prepared  also  to  supply  all  mis- 
cellaneous routine  service,  as  proof-readtng, 
stenography,  mimeographing,  addressing,  type- 
wrlilng.  A  press-clipping  service  ts  Included, 
and  printing  and  engraving  will  be  con- 
tracted for,  and  format  In  the  best  taste  sug- 
gested and  superintended. 

In  all  departments  the  associate  workers 
have  been  chosen  for  their  recogolEed  ability 
in  the  kinds  of  work  planned  for  them. 

The  company,  as  a  whole,  Is  prepared  to  be 
a  resource  to  publishers  and  professional  men 
needing  to  supplement  their  own  office  re- 
sources from  without,  especially  in  the  hand- 
ling of  large  contracts  and  such  as  demand 
authoritative  execution,  and  It  is  enrolled 
upon  the  editorial  lists  of  the  well-known 
publishing  houses. 

A.  S.  M.  E.  ANNUAL  MEETING. 

The  fifty- fourth  annual  meeting  of  the 
American  Society  of  Mechanical  Engineers  will 
be  held  In  the  Engineering  Societies'  Building 
at  29  West  39lh  Street,  New  York,  on  Decem- 
ber 3  to  6,  1S07. 

Symposiums  on  foundry  practice,  giving  the 
experiences  of  prominent  men  In  that  work, 
have  been  arranged.  The  specific  beat  of  super- 
healed  sleam  will  be  taken  up,  imd  a  very  Im- 
portnnl  and  cjihausiive  paper  by  n  professor  of 
englncorliii;  at  Cornt-U  will  be  presenteil.  The 
utilization  of  low-grnd**  fuels  in  gas  producers, 
combustion  control  In  gas  euglnos,  tests  of  pro- 
ducer-tjns  onslncs,  etc.  will  be  given  a  session. 
Other  live  topics,  such  as  Industrial  education, 
power  trnusniisslon  by  friction  driving,  cyl- 
inder port  veUicUiea.  etc..  aro  to  be  discussed. 

.\ll  of  llioso  subjects  have  been  trenied  by 
prominent  englmiTti  of  Rurope  and  America. 


professors  of  our  universities,  and  men  emi- 
nent In  the  particular  work  of  vAlch  ther 
write. 
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A  CONVENIENT  BLIDE  RUIiE. 

The  Illustration  given  shows  the  "Midget" 
Slide  Rule  which  la  manufactured  by  Koleub 
&  Co.,  138  Fulton  Street,  New  York.  Al- 
though Its  dlmenalons  are  re- 
stricted to  only  GU  Ins.  in 
length,  1  to.  In  height  and  5-it- 
In.  In  thickness,  and  Its  weight. 
Including  the  case,  does  not  ex- 
ceed 1%  oz..  It  ranks  In  accn^ 
acy  and  reliability  with  tbe 
larger  rules.  The  ultimate  sub- 
dlvlslons  are  as  fine  as  those  on 
the  regular  10-ln.  rule  and  bj 
means  of  a  powerful,  yet  com- 
pact and  convenient  magnify- 
ing glaaa  their  value  la  easily 
ascertained  with  the  aame  pe^ 
centage  of  accuracy  as  can  b« 
obtained  by  the  10-Inch  ml*. 
These  rules  are  made  of  tke 
best  built-up  mahogany  etoA. 
with  white  facings,  are  engUw 
divided,  and  each  is  provided 
with  a  sewed  leather  case  with 


HEATING  AIR  AND  WATER. — Economical 
Heating  for  Breweries  and  Malt  Houses. 
Green  Fuel  Economlier  Co.,  Matteawan, 
N.  Y.  Paper;  6x9  Ins.;  pp.  1«;  iltui- 
trated. 
Tbe  first  seven  pages  of  this  booklet  are  de- 
voted to  a  reprint  of  an  article  by  Herr  C. 
Bberle,  of  Munich,  on  "The  Influence  of  Bell- 
ing by  Steam  on  the  Boiler  Plants  ot  B^ewe^ 
les,"  In  which  It  is  shown  that  the  hlghert 
economy  is  reached  only  when  both  the  ex- 
haust steam  from  the  different  machines  aboot 
tbe  brewery  and  the  waste  gases  from  the 
boiler  furnace  are  uUllted  for  produdng  hot 
water.  An  example  Is  fully  worked  out  with 
diagrams  and  lay-out  of  tnachlnery  to  show 
this.  Tbe  second  part  of  the  pamphlet  takes  dp 
the  use  of  warm  or  cold  and  moistened  air  tor 
promoting  germination,  and  of  tbe  nee  of  hot 
dry  air.  In  tbe  malt  kiln.  By  uUlldng  blowers 
to  move  this  air,  much  quicker  ood  l>etter  re- 
aulis  may  l>e  obtained  than  by  methods  relylU 
upon  natural  draft.  It  Is  also  possible  to  ma 
the  plant  to  lull  eapadty  at  all  times  of  the 
year,  and  in  all  conditions  of  the  weather. 
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l«s  la  intended  to  cover  the  field  of 
literature    In    a    manner    ibat    will 
Of   tlis   iiroatcat   use   lo   the   greaieit 
It  la.  It  will  endeavor  to  list  all  the 
Ml   comment  of   technical   value   ap- 
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The  Publishers  do  not  carry  copiea  of  utj 
or  theee  arlkles  la  stock;  but.  It  desired,  will 
■upplj'  copies  ot  the  periodical  conialninc  th« 
article  at  the  pricea  mentioned.  Any  premium 
asked  for  out-of-date  copiea  must  be  added  lo 
this  price. 

The  principal  Journals  In  the  various  flelde 
of  tectinlal  work  arc  ibowQ  In  the  accompuu- 
Ing  Itat,  and  •aally  underatood  abhrevlatlona 
of  these  names  are  used  In  the  Indei. 

The  Editor  cordially  Invites  criticisms  and 
■ussesUons  whereby  the  value  and  usefuliMaa 
of  the  Indei  can  be  extended. 
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Field  System 

By  Frank  B.  Giibreth 

This  book  is  written  by  Frank  B.  Giibreth,  one  of  the 
largest  general  contractors  in  the  world,  and  contains  200 
pages  of  rules  and  instructions  for  the  guidance  of  his 
foremen  and  superintendents.  The  book,  in  its  present 
form,  is  the  outgrowth  of  Mr.  Gilbrcth's  twenty  odd 
years  of  experience  in  the  contracting  business,  and 
embodies  scores  of  suggestions  for  economizing  and  for 
increasing  the  output  of  the  men  on  the  job.  There  may 
be  a  few  who  read  this  announcement  who  do  not  know 
,  that  Mr.  Giibreth  is  the  contractor  who  has  made  the 
"Cost-plus-a-fixed-sum-contract"  famous;  in  doing  so,  he 
has  likewise  made  famous  Gilbreth's  "Field  System,"  only  a 
few  excerpts  from  which  have  heretofore  appeared  in  print. 

In  making  public  his  "  Field  System,"  Mr.  GJlbrelh  is,  in  our 
opinion,  pcriorming  a  service  to  the  public  thai  is  comparable  with 
the  action  of  a  physician  in  disclosing  the  secret  of  his  success  in 
curing  a  disease.  The  disease  that  Gilbreth's  "Field  System" 
aims  to  cure  is  the  hit  or  miss  method  of  doing  contract  work. 
Svstcm  supplants  slovenliness,  and  makes  sloth  an  absolute  impos- 
■ibility. 

Send  in  your  orderB  now   for  Gilbreth's  "Field  Syttem;"  200  pages 
with  illustrations;  bound  in  leather;  price  $3,  net,  postpaid. 

^yoa  want  sample  pages,  circulars  or  cataloes  covcrine  *ny  class  o(  books  {or 
ensinMn.,  arcliilccts.  contractors  or  railway  men.  send  us  a  portal  canl. 

The  Myron  C.  Clark  Publishing  Co. 

^ft  3S3  Dearborn  Street,  Chicago 
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INDEX  TO  ARTICLES 


AUTOMOBILES  AND  AERIAL  NAVIGATION 


Aerial  Navigation. 

New  European  Flying  Machines.  Sc  Am — 
Oct  26,  07.  7  figs.  3000  w.  20c.  Illustrated 
description  of  a  number  of  newly-tried  ma- 
chines. 

The  First  British  Military  Airship.  Har- 
old J.  Sheepstone.  Sc  Am — Oct  5,  07.  2 
figs.    2100  w.    20c. 

The  Gammeter  Orthopeter — A  Beating- 
Wing  Flying  Machine.  H.  C.  Oammeter.  Sc 
Am — Oct  12,  07.    1100  w.    20c. 

Automobile  Design. 

Future  Motor  Car  Construction.  M.  C. 
Krarup.  Ir  Age — Oct  10,  '07.  6000  w.  20c. 
Analyses  present  features  and  suggests 
changes. 

The  Design  of  an  Automobile  Steering 
Gear.  B.  W.  Graham.  Am  Mach — Oct  3,  07. 
11  figs.     3200  w.    20c. 


Carburetter. 

The  Carburetter  and  Its  Functions. 
Charles  B.  Duryea.  Automobile — Oct  3,  07. 
1  fig.  6200  w.  20c.  Paper  read  before  the 
Society  of  Automobile  Engineers,  Buffalo, 
N.  Y*    July,  1907. 

Materials. 

Malleable  Castings  for  Motor  Cars. — III. 
P.  I.  Giron.  Mech  Wld — Oct.  18,  07.  3 
figs.    1300  w.    20c. 

Testing  and  Efficiency. 

Effect  of  Size  on  the  Thermal  Efficiency 
of  Motors.  H.  L.  Callendar.  Mech  Wld— 
Oct.  18,  07.    1900  w.    20c. 

Methods  of  Testing  Automobile  Engines 
for  Efficiency.  Z  V  D  I — Oct.  5,  07.  13  ftp. 
4000  w.    60c. 


aVIL  ENGINEERING 


BIUDQES. 

Abutment,  Kelnforced-Concrete. 

Discussion,  Design  and  Specifications  for  A 
Reinforeed-Concrete  Bridge  Abutment  T. 
M,  F>-8he.  Proc  Can  Soc  C.  B.  9000  w.  80c. 
Paper  read  before  the  Society,  Oct  18,  07. 

Arcti. 

The  Construction  of  the  175th  Street 
Arch.  New  York  City.  Bng  Rec — Oct  5,  07. 
2  figs.   1100  w.   30c. 

Baacttle  Bridge. 

Page  Ba^ttle  Bridge  Over  the  Chicago 
River,  Ry  &  Bng  Rev — Oct.  26,  07.  4  figs, 
1100  w.  20c.  Describes  a  new  single-leaf, 
double-track  ba^^oule  bridge. 

Brkk^\rch  FKkws« 

The  Stability  of  Btiok-Art*h  Floors  In 
Metallic  Bildg^s.  P,  Oaufourier.  G*nle 
CtvU-~Oct.   li,  07.    S  ftg«,    3000  w.    60c. 

BrKlgt'  l\Hle«taL 

The  Manhattan  Bridsv  P^eetaU   Kng  Rec 
i.Vt.   15^.  07.    4  fii:^     STOO  w.     *0c. 

Rr\H»kl>ii  lUiilgt'  .\ttclHMr«i|re. 

Ooiu-r^no  Aiu'hv^rHjte  in  the  Brvx»K*on 
Hr:sUx\  OharUs  M.  Ktp-oy.  Cem  Age— l.Vt.. 
o:  :?  tlj:^.  2^00  w.  iiK\  Ghvs  a  cocipari- 
s^n\  o(  the  amount  of  masonry  with  that 
us^sl  ill  othor  Ur^ii^  ^tructurv*,  tojj;^ther  >fci;h 
ile',cir.?i  o^  vv«*;  ruction  and  method*  ot 
hAud.iiiJi  m^terU:^  aua  i>artlcttUr»  concern- 
ftu:  ^  niiSit^rii  ivutrActor*  vl<^^« 


Design. 

A  Few  Notes  on  Riveting.  B.  O.  Ritter. 
Arch  ft  Bngr  of  Cal — Oct.,  07.  2  figs.  1000 
w.    60c. 

Continuous  Girders.  Bngr.  (Lond) — 
Sept  27,  07.  5  figs.  3500  w.  40c.  Dis- 
cusses the  continuous  girders  which  result 
from  strengthening  existing  bridges  by  In- 
termediate piers. 

Imperfect  Butt-Joints  in  Columns,  and 
Stresses  in  Lattice-Bars.  Henry  S.  Prlchard. 
Bng.  News — Oct  3,  07.  5  figs.  7200  w. 
20c.  A  mathematical  consideration  of  ser- 
eral  problems  In  bridge  design. 

Krection. 

Erecting  Six-Track  Plate  Girder  Bridges 
With  a  Derrick  Car.  Bng  Rec — Oct  19. 07. 
S  figs.  2300  w.  20c.  Deacrlbes  methods 
used  on  the  Harlem  Branch  of  the  N.  T.,  N. 

H.  &   H.  R.   R. 

Notes  on  the  Rrectlon  of  Bridges.  Ry 
Ensr— Oct..  07.  2  figs.  3100  w.  40c  VI.— 
Rolling  out  continuous  girders;  continuous 
jjiirder^  in  general. 

g«H  bee   Bridge. 

Lou^«  Struts.    Bngr   (Lond) — Oct   18,  07. 

i:r<>0   w.    ^Oc.    Editorial  criticizing  the  de- 

s'.jcu  cf  the  compression  membera  in  the  Qne- 

T^«^>ioo^  Cooper  on  the  Quebec  Bridge 
Aua    Iii^    Faiilupe.    Eng   News — Oct    31.  07. 
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Are  You 
Interested 


In    the    lat»t    applications   of 

compresseil  air  ? 
In  the  Kononiical  operation  of 

air  coropressore  ? 
In  labor-saving  shop  and  foun- 

(ir>-  appliances  ? 
In    profii-eamine    contractor's 

equipment  and  methods  ? 
In  up-to-date  mininf  and  tun- 

neline  methods  ? 
In   ibc  latest   quarrying  proc- 
esses ? 
In  the  operation  of  rcfrieerat- 

ine  machinery  ? 
In  the  use  of  pressure  blowers 

and  fans  ? 

In  (he  running  of  vacuum  ma- 
chines and  condenser*  ? 

In  the  i:onipre5sion  and  Irans- 
mi»ion  of  natural  and  arti- 
ficial pas  ' 


If  You  Are 


Ymi  >li4>iild  subscribe  to  the  only 
)ounuJ  dealing  exclusively  with 
these  matters,  published  month- 
ly at  $i.oo  per  year  in  United 
States  and  Mexico,  or  $1.50 
per  year  in  Canada  and  abroad. 

COMPRESSED 
AIR 

Bowling   Green   Bldg., 
New   York,    U.    S.    A. 


Tfte  muH  /■  mimoti  every  eoitttoii, 
eounaltaet  aad  laxyty  of  moitra  lite. 
ElMtricHy  h««  »(lvanc«l  Uic  worlil  (n-ui  'nl 
lamps,  atagp  coftchM  And  pony  Pipmup*.  to 
inranae«cf-nts,  trolley  cam  anti  Ihi-  wirpili-w 
Wl^Krapb  ;  It  wlU  adnoM  you  In  knowl- 
edge, in  opiioniinity.  in  piiwcr,  U  you  will 
sliid}'  it  a  ffw  ti'iiirv  a  nei-k. 

CYCLOPEDIA  OF 

APPLIED  ELECTRICITY 


[ililTiMl  M  thil  anr  IDIelllinil  man  ran  yndir- 


LESS  THAN  HALF  PRICE 
SpeoalPrict,  $14.80;  IUgdarPria.$» 

SENT  IUCPRKS9  PHKrAII)  rOH  !t  DATS' 
KlItCK  BXAHINATIOK.  Th«w  boaki  an  tan- 
pllnd    fniiB    Ui*    bat    laatruMlOD    Mian    In    ««> 

ham*  iludr  luun*  widair  iHtcin  p*epl*  lolar- 
HMd  In  rlwlrlcltr.  •■  hatr  nwla  Itili  ipMUl 
pHca  tur  au  daira,  Mr>»l*  SSOO  wlUla  a  4*r< 
and  Crw  pT  nuiDlb  unill  lb*  Slt.lW  U  luld. 

Bttct  UU  at  ComtmMm 

KtmnaU  ot  KlKlMcllr-Th*  KMetrlc  Canval 
— KlHVUal  MMnn»*a(*-KI«4i1o  WUIBr-Tb* 
■iMtric  T*la«ra«b-innlH*  T«U«m»E— Tlw 
TtlauMtrart— raMtalm*— DInci  Carral  Draa* 
moa-TrpH  at  I>]rMa»aa— aiaeine  Ma«UMcr- 
nirwt  Curmt  Maton— Blactnc  Moior>— ■»•■« 
BattMiH—BitnilB  Ufhitav— Kladrte  I 
Bl    DraaMB-KlMVIe    r 


boaM  anl  auiMa   AapllaaoM     ~ 
-H«mf>  Vajior  Coanrti 


Kiai>aB*B-0»mui 


■pbM 


'I4a« 


•ao*-T^I«phaw 

Aacricu  SdUol  af  Cotrctpo«JcBce 

CWCACO  

-  COUPON 


«S<bM«al 


TkIl  Ui..  hit 
•.CMcaf* 
clul>i>lia  At>(itM   KEKUIctli 


^ 


478 


TECHNICAL   LITERATURE 


The  CompreBsion  Members  of  the  Quebec 
Bridge.  Bng  News — Oct.  3,  07.  1  fig.  87 00 
w.    20c. 

The  Quebec  Bridge.  Frank  W.  Skinner. 
Engg — Sept.  27,  07.  i  figs.  4300  w.  40c. 
Oct.  4.  9  figs.  8700  w.  Oct  11.  4300  w. 
Oct.  18.  4100  w.  Bach  40c.  Continuation 
of  serial  giving  details  of  members  and 
connections  on  the  erection  of  the  cantilever 
arms. 

The  Quebec  Bridge  Wreck.  Bng  News — 
Oct.  10,  07.  21  figs.  2700  w.  20c.  Bx- 
planatory  text  to  accompany  large-scale  half- 
tone views  showing  this  huge  heap  of 
wrecked  steel  work  from  one  end  to  an- 
other. 

The  Wreck  of  the  Quebec  Bridge.  E.  R. 
Kinloch.  Indus  Mag — Oct.,  07.  6  figs.  3800 
w.    20c. 

VlAdiicto. 

Ferro-Concrete  Viaduct  for  the  Gala  Min- 
eral Railway,  Seville.  Mateo  Clark.  Engg — 
Oct.  18,  07.    10  figs.    2800  w.    40c. 

The  Erection  of  the  Moodna  Creek  Via- 
duct. Eng  Rec — Oct.  26,  07.  3  figs.  2400 
w. 

The  Nelson  Street  Viaduct  at  Atlanta.  Eng 
Rec — Oct  12,  07.  3  flgs.  1500  w.  20c.  De- 
scribes a  reinforced-concrete  structure  479 
ft.  long,  made  up  of  ten  flat-arch  spans. 

K.\RTHWORK,   ROCK  EXCAVATION,   ETC. 

Kxcavation,  Cost  of. 

Cost  of  Excavating  Earth.  Cone  Engg — 
Oct..  07.    700  w.    20c. 

The  Cost  of  Hydraulic  Sluicing  a  Highway 
Embankment.  Engg-Contr — Oct  9,  07. 
1400  w.    20c, 

Methods  and  Cost  of  Moving  Earth  in  the 
Frosno  Scrapers  in  Aritona  and  the  Cost  of 
Trimming  Slopes.  Engg-Contr — Oct.  2,  07, 
2  flgs.     1700  w.     20c. 

Drillinjc. 

Charts  for  Recording  Drill  Holes  and 
Dally  Report  Card  Showing  Explosives  Used. 
Engr-Coutr — Oct,  23,  07.  4  flgs,  1700  w. 
20c, 

Cost  of  Rock  Drilling  in  Swedish  Mines, 
Comp.  Air — Oct,.  07,  700  w.  20c,  From 
"Tokut&h  TUlskrift,*'  Stockholm. 

The  Cost  of  Hand  Drilling  and  Shann^n- 
iuK  Stool,  and  Uurning  Charcoal,  Engg- 
Contr  -  Oot.  2,  07.    I  flg.      1100  w.    20c, 

K«Us»  Aori:il  l^^hloway  and  Tn^Uo. 

OompArativo  Cost  of  Makinis:  a  Kill:  Tros- 
\W  vs.  Aoria^.  CaMow.iy.  .1.  D.  Mi>t>noy,  In^lus 
Mrt}?     Oct..  07.    S  l^j;s.     1600  w.    ::0o, 

CompArntivo  Cost  of  Trt>stlo  and  CiMoway 
Krtilnv-*a    KiUs.     Couo    Kni:»i      vVt  .    07,     ^'00 

Cos:  of  An  Aori.-\'.  v^^V.o  Hi^lco  TsOv'.  ir. 
M;ikii\ii  a  lVo',>  r-;::  \Vi:h  nump  v\\;-s.    .1.  l> 

1  ii  0  \x^    i:oc. 

V"i',:s  Ma^'.o  K*.vr.\  Ortrs  Kur.v.ir.jt  or,  .-4  j^us- 
pi'«i!o,?   0;*Mov*JX>      V'rj;   Nrwis      Oc:      tO.   07. 


Trenching. 

Backfilling  Trenches.  Geo.  C.  Warren. 
Eng  News — Oct  10,  07.  2700  w.  20a 
From  a  paper  read  at  the  annual  meeting  of 
the  American  Society  of  Municipal  Improve- 
ments, Detroit,  Mich.>  Oct.  1. 

Excavating  with  Potter  Trenching  Ma- 
chine for  16-Ft.  Sewer,  with  Cost  Data. 
Engg-Contr — Oct  9,  07.  2  figs.  1200  w. 
20c. 

ENGINEERING  CONSTRUCTION. 
Buildings. 

An  Umbrella  Shed  for  Market  Storage. 
Eng  Rec — Oct  5,  07.    1  fig.    1100  w.    20c. 

Concrete  Buildings.  Cone  Engg — Oct..  07. 
3500  w.  20c.  Report  of  committee  at  the 
convention  of  the  Association  of  Railway 
Superintendents  of  Bridges  and  Buildings, 
Milwaukee,  Wis.    Oct  15-17. 

Cost  of  Concrete  for  Factory  Foundation. 
Cone  Engg — Oct,  07.     200  w.     20c. 

Fireproof  Construction. — I.  M.  M.  Sloan. 
Arch  &  Bldrs  Mag — Oct,  07.  1  fig.  3200 
w.     40c. 

Method  and  Cost  of  Building  a  Reinforced- 
Concrete  Car  Barn.  Engg-Contr — Oct.  23, 
07.    4  figs.    1800  w.    20c. 

Method  and  Cost  of  Constructing  Rein- 
forced Kiln  House  of  Separately  Molded 
Members,  Edison  Portland  Cement  Co.  Engg- 
Contr — Oct  2,  07.    7  figs.    3600  w.     20c 

Methods  and  Cost  of  Erecting  a  6-Story 
Reinforced  Concrete  Building.  Engg-Contr 
— Oct  9,  07.    3  figs.    2400  w.    20c. 

Rapid  Factory  Construction.  C.  M.  Rip- 
le>-.  Ir  Age — Oct  10,  07.  900  w.  20c.  Gives 
account  of  a  factory  building  erected  at 
Newark,  N.  J.,  in  twenty-nine  days. 

Temporary  Elevators  for  the  Erection  of 
the  Singer  Building  Tower.  Eng.  Rec — Oct. 
12.  07.    5  figs.    2400  w.    20c. 

The  Contractor's  Plant  for  a  Concrete 
Warehouse.  A.  K.  Reading.  Indus  Mag — 
Oct..  07.     6  figs.     2700  w.     20c. 

The  Cost  of  Six  Ice  Houses.  Engg-Contr — 
Oct  9,  07,     3200  w.    20c. 

Underpinning  a  400-ton  Pier.  Eng  Rec — 
Oct.  19,  07.  3  figs,  800  w.  20c. '  Describes 
methods  used  in  the  course  of  work  in  the 
Philadelphia  subway. 

ITiininoys,  Reinforced  Concrete. 

The  Design  of  Reinforced  Concrete  Chim- 
neys. Cone  Engg — Oct  07.  4  figs.  2900 
w.     20  c, 

ComluitjK, 

A  MoThv>d  of  Laying  Vitrified  Conduits  for 
VV»tv:r:v;^I  Ciib'es.  and  a  Collapsible  Core  for 
VVr:v;:r.c  Cv^nduiis  in  Concrete  Without  the 
I  Si^  of  V:::ified  Ducts.    F.  Lavis.     Eng  News 

Oo:     :^  iT.     T  figs.     2700  w.     20c. 

>";;•.-. r.Ar.ur.Tii'  Formulas  for  the  Calcnla- 
:.v:-.  .>f  \\,^:er  Pipe«  and  Conduits.  B. 
S%  vr.o     ."  V  D  I — Oct  12.  07.     2  figs.  7000 
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NEW  PUBLICATIONS 


RECENTLY   ISSUED 


If     li-ino.     IiitB    an     iMAt. 

Inci.   snil  nn  Appcndli  (iTina  ika  Am 


D9*ign  of  Ste^l  Mill  BuitdingB 

B;   MUo  S.   K«tcliuui.   Dean  or  ColIeKci 

of  EDKlDoerlajc.    t;nlv#r«Uy    of    Colo-  •         •      « 

ndo     SMODd  Edition.    ReriKM)  and         UMign  of  WalU,  Biiu  and  Grain 

Enlariced.     Clulh^   6x9  Ins..  itv  +  4NU  EUvotOTM 

;   21*  lllu.tr.tton..     I..00.  net.  ^^   p^^,    j,,,^  g    K.trhum.   Author  ot 

"Stc«l  Mill  Biitldlngm"  Cloth:  As» 
In..:  400  paK«:  2«t>  llluiitriiilonR  and 
2  foldlog  plntra.      t*  00.   m\. 

FORTHCOMING    BOOKS 

Economics  of  Raiiway  Operation 

Hf  U.  I»   Itrrr*.  t'hlct  l-^iiKlnivr.   .M*ltiUMUintT  at  W*r,  Mlnonrl    pMCinc  lUllirar. 

Buckr.iu:  6x9  Inchee:  aboiiT  'no  [las^u;   many  tlic"''*'".  dtaKrama  anil  forms  llliiilrai- 

Injt  the  hmit  rerrnt  prBctlcc      JE.OO,  uet.     Ready  January   IS. 

-riilB  w«k  ■rill  k«  lowaA  af  Ibmii««M*  vkIh*  hj 

fli     All  rL»«*ft  of  r«1i*k]r  Btapiojuu  vho  trt  umblrlou*   to  Hi   (hcin««lTt«  tar  hlfber  po«i11oi»  and 
t4  ft«ijr«  a  Ihttrtmah  kDo«ltwtcv  at  tho  buatiiMa  In  vbU'li   ihrv    wrm   encKcvd- 

<?)     RbII>ii>   dffloFn   hmlna  raipoailbl*  ctunr  ot  lU*  t*nuua  Ocwraiinc  [>*p«rUB*Dt*, 
isi    Aitumajn  iMTliiR  •  pnrtlrB  rcqujrlnc  ■  crneml   knawladc*  "(  rillior  opnaUona. 

Railway   Track  and  Track   Work 

tl)  »:.  K.  KuhtII  Tralnuin.  A.  M.  Am.  Hoc.  C.  E.,  .\aiH>rl«i<>  Editor.  EacUMertag  Kews. 

Third  Bdltlou.  (tilly  rewritten  and   with  additional  chapl«ra. 
Cloth.  fi>9  lnch«a:   SOU  pp.:  about  260  llluat ration*:  with  Index  of  over  1S00  HmuI- 

Inga.      Prico.  13,50,  net.     R««d)-  In  Knbruarr,  19011. 
Pre-prlnta  at  earlier  chaplera  will  be  Isaacd  on  Etecvmber  1  tor  um  In  collece*.  Prln 
of  thia  edition  baa  b«en  adfanced  tram  tS.OO  to  I3.SD. 


Dem^  of  Typical  Steel  Railway  Bridges 


By  W.  CImw*  Tluimaoa 

to  Id  IDC     plilM.    KOO.     Riadr 

■   pr**'""'    vo'k    "I    lb*    ■Dtbnr'a.      Tba   tUnciim* 

nut  tnquaoUt  lo  tb«  brl4(>    dHtciwr.      Thir    >»■ 
I  l<W-R     IHfk   Wirrvn  Qirirr.     «     \M-tt      TbRnaB 
unrd  up  <b»Tri.  ■  UTO-fl.  Baing      Drldar.      aul      « 
Kaimr  VlailQtl. 

Specification*  and  Contract*  Bj  ■»■  a.  i-  WMideii  and  John  c.  Wiot. 

Tbla  book  consbi*  ot  a  Bt^rles  ol  lefturD.  dcIlTerad  by  Dr.  Waddtll,  author  of 
"De  Ponllbua."  before  tho  Siudrnt*  nC  the  Ketmelanr  t>olyterhnlr  Inatltuli^  wllb 
NutM  on  tho  Law  of  Coniracta  by  John  C.  Wall.  U.  C.  B..  LU  B.,  author  ot  "Edi I- 
Desrlag  and  Archltwctural  JtirUpriiilcnn'."  etc. 

Streaa  I.  Ufd  on  the  Imiiorl.noe  of  the  proper  preparation  of  apeclfltatloB*. 
and  maDy  eiamplr«  and  cxordEea  are  iciven  for  the  uae  of  student*.  Cloth;  7x9  ln«.: 
about  100   pp.      |1  00.      Ready    Novrniber   £0. 

AnalyMtM  of  the  Elastic  Arch  Ur  *■  »'•  9»i^ 

Two-hlnced.  three-hlaged  and  hlnseleu  archea  of  Maaonry.  Conrreie  and 
Stiwil,  arr-  ronaldorcid  In  this  work,  both  erapblcallr  and  aaalrtlcaltr-  Tte  author  liaa 
eiotted  urlKlunl  nivthoda  and  oxp«dlonU  wberehy  arrh**  mar  be  daalcaed  aecordloK 
to  the  elasilt^  thirory  without  tbe  laborlout  calculation,  hitherto  PBceaaary.  Cloth: 
tx»  In..,  about  30i)  pp..   with  many  dlnftrnni*  and  folding  platna,   Rnady  In  D*e*inb«r. 
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A  Collapsible  Steel  Dam  Crest,  Bear 
Riwr,  Near  Garland,  Utah.  J.  C.  Wheelon. 
Bng  News — Oct.  3,  07.  4  figs.  2000  w. 
20c. 

Crocker's  Reef  Dam  Across  the  Hudson 
at  Ft.  Edward.  Eng  Rec — Oct.  6,  07.  4 
figs.     2100  w.     20c. 

Hydraulic  Excavation  and  Dam  Building 
at  the  Croton  and  Lyons  Dams  in  Michigan. 
Wm.  G.  Fargo.  Bng  News — Oct.  24,  07.  7 
figs.     5400  w.     20c. 

Masonry  Dams.  Thomas  G.  Bocking. 
Bngr  (Lond) — Sept.  27,  07.  6  figs.  2200 
w.  40c.  Discusses  a  formula  for  ascertain- 
ing the  "nucleus"  of  a  dam  section  and 
applies  it  to  a  number  of  large  masonry 
dams. 

Docks  and  Piers. 

A  Concrete  Pier  at  Montreal.  Can  Bngr 
— Oct.  4,  07.  2  figs.  1700  w.  20c.  De- 
scribes the  1,000-ft.  **Tarte"  hifi^-leyel  pier 
recently  constructed. 

New  Graving  Docks  and  Shipyard  on  the 
River  Tees.  Engr  (Lond) — Oct.  18,  07.  6 
figs.    1900  w.     40c. 

The  First  Lake  Dock  of  Steel.  Dwight  B. 
Woodbridge.  Ir  Age — Oct.  3,  07.  3  figs. 
2400  w.  20c.  Gives  details  of  the  struc- 
ture to  be  built  at  Two  Harbors,  Minn. 

ReiafDired^Coiicrete  Cbnstinctioii. 

Concrete  Construction;  Its  Regulation  and 
Control.  B.  S.  Lamed.  Ir  Age — Oct.  10, 
07.  4800  w.  20c.  Read  before  the  As- 
sociation of  American  Portland  Cement 
Manufacturers,  Atlantic  City,  N.  J.  Sept.  11. 

How  to  Prevent  Failure  in  Concrete  Con- 
struction. Dr.  W.  Michaells,  Jr.  Sc  Am 
Sup — Oct.  12,  07.  6100  w.  20c,  Gives  an 
expert  analysis  of  an  important  problem. 
Abstracted  from  a  paper  read  before  the 
Weetern  Society  of  Engineers. 

Sound  Concrete  Construction.  J.  T.  Noble 
Anderson.  Engr  iLond) — Oct.  4,  07.  6000 
w.  Oct.  11.  3300  w.  Oct.  18.  4100  w. 
Each  40c.  Embodies  gleanings  from  an 
experience  of  20  years  in  concrete  work, 
plain  and  reinforced,  taking  up  the  ques- 
tions of  ingredients,  false  work.  finl^.  etc. 

The  Forms  for  Concrete  Construction.  A. 
D.  WllUams.  Jr.  Cone  Engg — Oct.,  07.  6 
figs.    2400  w.     20c. 

RetiWTvuir  Ke]Mdr». 

Kei>airiu$  ii  Remarkable  Leak  in  a  Res«;«r- 
voir  Embaukm^ni  at  Provi douce.  R.  1.  EIng 
News-"4.Vt-    IT,   07.     1   ttg.     i;>00  w.    *0c. 

KeCsiiuin^  ^VAU. 

Cos:  c:  Coucrvto  tu  Rotaiuiu^  WaH  a:  A1- 
Ies;tiouv.    b'A       Couv-    Kiijts — 4.Vt..    vT.     i-fcOO 


w, 


Tctrahedral  Cell  Tower. 

The  Outlook  Tower  of  Beinn  Bhreagh,  the 
First  Iron  Structure  Built  of  Tetrahedral 
Cells.  T.  W.  BAldwin.  Sc  Am — Oct.  5,  07. 
7  figs.     1800  w.     20c. 

Timnels. 

A  Machine  for  Tunneling  in  Shale.  Eng 
Rec — Oct.  19,  07.     1600  w.     20c. 

An  Unusual  Plant  for  Constructing  a  Sub- 
marine Tunnel  at  Chicago.  Eng  Rec — Oct. 
26,  07.     7  figs.     4300  w.     20c. 

Carrying  a  Steel  Water  Main  Under  a 
Railway.  Eng  Rec — Oct.  5,  07.  4  figs.  700 
w.     20c. 

Lining  a  Tunnel  With  Concrete.  Eng 
Rec — Oct.  12,  07.  5  figs.  2800  w.  20c 
Describes  work  on  a  2,200-ft.  single-trench 
tunnel  in  So.  Indiana. 

Some  Recent  Investigations  in  the  Hygiene 
of  Sub-Aqueous  and  Subterranean  Work. 
J.  S.  Haldane.  Mln  Jl — Oct  5,  07.  1000 
w.  40c.  Abstract  of  an  address  delivered 
Sept.  26  at  the  general  meeting  of  the  In- 
ternational Congress  of  Hygiene  at  Berlin. 

The  Detroit  River  Tunnel  Caissons.  Eng 
Rec — Oct.  12.  07.     1  fig.     600  w.     20c. 

The  Market  Street  Subway,  Philadelphia. 
Eng  Rec — Oct.  12,  07.  9  figs.     3100  w.  20c 

The  Reconstruction  of  the  Eighth  Street 
Tunnel,  Kansas  City.  Eng  Rec — Oct.  5, 
07.     1  fig.     1700  w.     20c. 

The  Tunnels  of  the  Michigan  Central 
Railroad  Under  the  Detroit  River.  Ir  Tr 
Rev — Oct  17,  07.  6  figs.  2200  w.  20c 
Gives  the  details  of  construction,  the  plan 
and  profile  of  the  tunnel,  together  with  sec- 
tions of  the  completed  tunnel  at  varloot 
stations. 

Ventilation  of  the  Battery  Tunnels  of  the 
New  York  Subway  Extension  to  Brooklyn. 
Eng  Rec — Oct  5,  07.     3  figs.     3600  w.   20c 


Some  Difficulties  In  the  Waterprooflns  of 
the  Manhattan  Subway  Terminal  of  th# 
Williamsburg  Bridge.  B.  J.  Feldmaau  Wattf^ 
proofing — Sept,  07.     1  fig.     3100  w.     20c 

The  Causes  of  Dampness  In  Houaea.  Dr. 
Geo.  M.  Price.  Waterproofing — Sept,  07. 
SiOO  w.    20c. 

Waterproofing  by  the  Addition  of  Com- 
pounds to  Cement.  An  Open  Diacnwion. 
Waterproofing — Sept..  07.    €00  w.    20c 


$leel  Tank  IV-^i^tt. 

T*it*    :Vjii:<:i   o?   K<\:tA!i<ulAr   Steel  Tank«. 
Brae*c   O     tVv^      M^vh   \V!d— ^pt.   2T,   07. 


Cement  ami  Concrete. 

Comenc  Prvxiuction  in  the  United  States. 
Kn^  N^ws — Oct.  17.  07.  1300  w.  20c 
Oiv^$  vldta  trom  the  regular  annnal  report 
issued  ^y  ite  I".  S.  Geological  Sunrey. 

Ttie  K^tvc  of  Increasing  the  Aggregate 
OoriU'u:  on  :*ie  Co cipressire  Strength  of 
Coucn>:e.    U^rr  Bnitandt.    Z^t  d  Ban — Oct 

5^.  07.      I  i$      -5'.-0  w.     40c. 

;itu^:^e«;:o:i$  (or  ctie  Manufacture  and  Use 
of  Coucrvc^  Blov-ks.  Eng^-Contr — Oct  16, 
07.    I  fig.     ;^^vK)   V.    -Oc.    Extracts  from  a 
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paper  read  before  the  Assn.  of  Am.  Portland 
Cement  Manufacturers*  Sept.  11,  07,  by  E. 
8.  learned. 

Cctttrni  IManU. 

Blectrlc  Motors  for  Cement  Mills.  R.  B. 
WllllaniHon.  Kng  Kec — Oct.  5,  07.  1  fig. 
1800  w.     20c. 

Municipal  Cement  Plant  for  the  Los  An- 
geloH  Aqueduct.  Bng  News — Oct.  3,  07. 
1400  w.     20c. 

l*rott'ctlve  Covering. 

A  Now  Blue-Black  Iron  Paint  as  a  Pro- 
tective Covering.  F.  J.  K.  Carulla.  Ir  &  CI 
Tr  Uov — Sept.  27,  07.  1000  w.  40c.  Paper 
read  at  the  Vienna  meeting  of  the  Iron  & 
Steel  Inst.  Sept.  28-24. 

Testing  liiiboratory. 

luvostigatlon  of  Strut;tural  Materials  by 
U.  S.  Geological  Survey.  Cem  Age — Oct., 
07.  U  fitts.  2900  w.  20c.  By  Richard  L. 
Humphrey.  Engineer  in  Charge  of  Struc- 
tural Materia  is  Division  and  issued  by  the 
Technological  Branch  of  the  U.  S.  Geologi- 
cal Survey. 

Structural  Materials  Testing  Laboratories 
of  the  United  States  Geological  Survey,  St. 
Louis,  Missouri.  Herbert  M.  Wilson.  Eng 
News-   Oct.  17.  07.    3  figs.     3300  w.     20c. 

UIVK1«!$,  C.VNAL8,  UAUBOKS. 

l>red|iris  riiK'  IXmnoGtion  for. 

A   Now    Klcxlblo   Connection   for   Suction 
V\\\o»  of  Dnnigos,     Bng  Ree — Oct.  19.  07.    I 
llg,     1400  w.     20c. 

Fort*«hort>  lV>toctlon. 

b>rro-Conoreto  Groynes  Near  Brighton. 
Kn«r  il^nd>-  S*n>t.  27.  07.  6  figs.  1200 
w.  20o.  IVscrll^e*  a  methoti  of  foreshore 
l^roteinion  ustni  to  prtn*ont  the  erosion  of 
high  chalk  cliffs. 


Harbcr  Improvement. 

Harbor  Work  at  Huron,  Ohio.  Eng  Rec 
— Oct.  26,  07.     7  figs.     1800  w.     20c. 

The  Development  of  the  Port  of  Havre. 
Engr  (Lond) — Oct.  11,  07.  5  figs.  3000 
w.     40c. 

Irrigation. 

The  Greatest  Need  of  Arid  America.  Sam- 
uel Fortier.  Ir  Age — Oct.,  07.  1  fig.  4700 
w.     40c. 

West  Neebish  Channel. 

The  Excavation  of  the  West  Neebish 
Channel  in  the  St.  Mary*s  River,  Michigan. 
Eng  News — Oct.  10,  07.  8  figs.  5300  w. 
20c.  Describes  methods  used  in  this  im- 
provement to  navigation  on  the  Great  Lakes. 

SURVEYING.   MENSURATION. 

Accuracy  in  Calculations. 

The  Elements  of  Accuracy  and  Precision 
in  Engineering  Calculations.  Robert  J.  Mc- 
Nltt.  Sibley  Jl  Engg — Oct.,  07.  2800  w. 
40c. 

Planinieter. 

The  Planimeter.  Frank  J.  Gray.  Surv — 
Sept.  27,  07.  7  figs.  2100  w.  40c.  Con- 
cluded. 

Tripod  for  Surveying  in  Brush. 

A  Tripod  Used  for  Surveying  in  Thick 
Scrub.  John  L.  Hildreth.  Eng  News — Oct. 
10,  07.  2  figs.  1000  w.  20c.  Describes  a 
tripod  and  platform  used  in  an  extensive 
stadia  survey  through  thick  scrub,  oak  and 
pine  on  L.ong  Island. 

Triangulation  and  Traverse  WoiiE. 

Triangulation  and  Traverse  Work  In  th» 
Bronx.  New  York  City.  Eng  Rec — Oct.  5,, 
07.      2  figs.      3000  w.      20c 


ECONOMICS 


A|i|i«vnt<c«^  S>'Titi^m. 

.\  KAttou;ii  AppTxnituv  S>*tom,  Now  York 
0<»mr;^l  l.i«f^*.  Am  Kugr  AUK  J) — Oct.. 
O:.  SO  l\ji^.  14.^00  >*.  4\V.  UK  The 
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H.  Norris.  St  Ry  Jl — Oct.  19,  07.  1800  w. 
:^0c.  raper  presented  at  the  Atlantic  City 
Convent  ion  of  the  American  Street  lb  Inter- 
urban  Railway  Association,  Oct.  16. 

The  Training  of  Engineers  on  the  "Sand- 
wich '  S^-5tem.  L^  D.  Conlesant.  Engg — 
Ck-t.  11.  v>T.  :S00  w.  40c.  Describes  the 
Arr^^^*t:v>e-studentship  scheme  of  the  Sun- 
der: a  v.  J  Technical  College. 

Kactvry  Manajyment. 

:>.^r.:  V.j«kl:i$  in  Shop  and  Factory  Mmh-- 

Air.viv.:     C>.ir:es  V.  Carpenter.     Mng  Mas 

N.^  .   :*       :TOO  w.     4«>c.     IX.     The. Up- 

:.. .  /.  re  o:  .1  S^Vlinj:  Organixation. 

K>:.::  <>  ri  :>.€  Righ:  to  a  Patent  on  the 
^.  V    r/    ,-.    :•,•:::}       John   K.    Brady.     El 

v\  .     ^:     :    :*     'f-:?  w.    ioc 

V  .'    V     i     :;.:rr:t-i    Ar:;::>«^       Irring    D. 
\      :  <:  V.     ^,,1— Oc:    2,  'fT.      1900  w. 


Ka     ^»n 


1» ., . 

*         » 


Com|irehensi«e  Lists  for  Progressive  Advertisers  Desirous  of  Reaching 
Coacerns  ia  Any  Branch  of  (he  Engineering  and  Technohigical  Fields 


Th>  roJ]o«Jiiit  labulkllno  of  lllta.  abowlnc  prt< 
ousr  and  tarled  brmnchrs  of  (ba  ICnKlQTtiiE  ■ 
riimlilM4  In  lypowriKaD  form,  alphabcncaUy  arran 
rvrs,  niDplila  atrevt  addreaa  cItcd  wbaro  rvqulrn 
nrai  tad  *cslik]r  eonetrti*  whvra  It  la  practical  < 
■p«a  n«*ipi  of  or4*r,  accauMiit«d  br  rvniiUoca, 
prtvllai*  oT  liupMtlon.  aa  p«r  vxpreaa  companr  r 

As  tniiulrr  (wntrdlnc  Hat  of  aor  apaelal  bran 
rmnir"    ati.n'lnn.      IX  dea1r«d.    w«    will    mall   70U    o 


ih.rr 


r  Idea 


,   InWTMr,  Iran.  : 


4  Atjltm*.   Hoapttala.  1 


.   ntadpal   ....  IS.W 


ilvara   Manalartarvra    .... 

XW  IMldlB*  )lal*Mal   DmImv.   Rmb I< 

fR  K«ll4*n'  BopptT   DwIvAi.   Wbof«aal* 

^MB  Cmvat.    Coacrat*    and    Hallow    BntMlDS 


IndWIdnal   or  coo- 

roaponalbl*.  prontl- 

anil  arr  forwardad 

haiK**    P*M    br    ua,    otta>rwl».    C.    O,    D.    with 

iitca,  WB  paxltiK  tha  chaTc«a  an  collooClan. 

icb   tn   whk-h  tou   roar  b*  Inurvatvd   will  r«iil«a 

>ur  currvDl   Prlot  Uat. 

(&4  Kl*'>rl<«l    ConttrUPlloD    ao4    CoatnrtlM 
CaiDpaalM    and    CnslDaara   and   Nwu- 

HTlDR  Companln BM 

SW  KlcnMr   Maaufacturan    »00 

133  EulBt    MvnutMturor*.    mid*    Vaira «.M 

t.m  Knaln*  and  Ballar   tMalara   TJM 

l.«»)  KaclDMr*.    CItr    W0 

R.TlV  BoslDMn.    Kl*ctn«t    1^0 

3,aill  EoalDMra,    Mtebanteal    , U-ID 

2lf>  Be«lBH<ri.  Hailniad  CUaf UD 

I0«  aril    EntlBMTtoi   >roftaaew    OMBMIad       _ 

wlia    Calla««a UO 

van  eMiaaan-      ud      Uvbtalat*'      Boo^Ir 

T,B36  riau    and'    AsarUMit   'Hoaaaal"  Lalipa 

cm-    B.on 

II.SA  roBBdrlaa    3&00 

::.aM  Oaa    Coopantaa TJD 

.  .134  Claa.  Oawlla*  and   Otl   Kngla*   DmM*..     4.00 
KMT  OaJ^  Oaaollo*  and  Oil   Racin*  Maaalae- 


KM  Qold    UlnUw    Compaalaa    ualB<    CraaUa 
9  llardvar*    rhiaim'.    Rauili.'  ttMp. '. 


Hlack    Mafhlaory. 
an;  car  BaiMat*  aad  C_.    . 
3.1U'  rarrWi*      and      Wacoi 


R«»    . 

vx  i-nua- 
4.91  (Mil     : 


Maautacuran. 


I   NIB*  Ov>ra«in.    Rasp   . . . 
B  (^«l■t^i^Uoo       rompanlca.       d 
I   CoDlraniBC   I 


moo 
tao 

-     .    S.M 

I   Commluloncni.   •■«    loW 

•  and  InBnoariaa,  BivioK  Fanaa 

-      i-SS 

i>  IM    Manufarturan 1M 

B  IM  Crwa  MaBDranurata   TM 


cliarca 


IM  CaauaMAra,  Concraia  Btad  CooatmcUon. 

'     Railroad     . 


n.  10-00 

...   IO.W 
.   lU.OO 


ll.fflT  Land  and  L«nd  InpraraMaal  Oamiaalaa.  IftjOO 

1,1.17  liimn    and    Bawaara    100 

1.M«  MaAlBMT    DaalMa    T.M 

T2U  MarMa  Mill  Ownan  aad  Wbolaaala  DmI> 


rsBirsriDra 
Dr*  ttaeka 

StZm.   Hot  Watar  aiidi  Vm- 

•Itona  and  C 
XuMir    Kta 
.t.d%;ild.r» 

ahriiabi  H 

11  Biona 

I  Mill    SnppI*     Hi- 

:  Hlnaa    la    Oparatlon.    Buparlntandaala   1 
Uauaftra"  >un#i  alTan  «baf«  noaalb 
D  Minaa   oiinvtlni   I 


I   Ullla   and   Cob- 


I  Baltdln«<,   LaTta  Cittaa   . 


._..  RtortrDr  Uabl  and  Pam 

*n  IDaeuU  llmor  Hanufarlnrara 4  00 

iBtndnFtloa     and    mannraclura    of    loalani    apl 

12.100  iDvaalor*  in  Railroad.  Tr*cliM 
7,101   Invaalora  U  Higk-prieaJ  Mlnln 


:S8 

.   WW 


Conpaay.  ate.  $t«ck  Prie*.  tlOO.OO 

B  S(*ck,  Prica.  BOJM 

\dtrrt)ala|   yoii  ha**   In   conlamplaiian-     Our  at- 

panlcuUr  add  aaauraa    tou    oI   ib«   Inal    poaalbV* 


484 


TECHNICAL   LITERATURE 
ELECTRICAL  ENGINEERING 


ELECTROCHEMISTRY. 

The  Electrolysis  of  Fused  Salts. 
Oct.  18,  07.     1100  w.     40c. 

ELECTROPUYSICS. 


Engg — 


A.  C.  Armature  Reaction. 

A  Method  of  Studying  Armature  Reaction 
in  Alternating  Current  Dynamos.  F.  C. 
Caldwell.  Sibley  Jl  of  Engg — Oct.,  07.  3 
flgs.     1400  w.     40c. 

Condenser  Losses. 

Losses  in  Condensers  with  Solid  Dielec- 
trics and  Their  Damping  Action  on  High- 
Frequency  Circuits.  W.  Hahnemann  and  L. 
Adelmann.  Elek  Zeit — Oct.  10,  07.  6  figs. 
3000  w.     40c. 

Induction  Coil. 

The  Secondary  Current  of  the  Induction 
Coil.  H.  Clyde  Snook.  Jl  of  Franklin  Inst. 
— Oct.,  07.  6  flgs.  3000  w.  $1.00. "  Dis- 
cusses the  currents  flowing  in  the  secondary 
of  an  Induction  coil  as  observed  by  the 
means  of  a  Duddell  high-frequency  oscillo- 
graph. 

Losses  in  Asynchronous  Motors. 

The  Separation  of  the  Losses  In  Asyn- 
chronous Motors.  W.  Linke.  Elek  Zeit — 
Oct.   3,  07.      18  flgs.      4500  w.      40c. 

Synchronous  Motor  Losses. 

Excitation  Characteristics  of  the  Syn- 
chronous Motor.  A.  S.  Langsdorf.  El  Wld 
— Oct.  19,  07.     3  flgs.     1900  w.     20c. 

GENERATORS,   MOTORS,   TRANSFORMERS. 

1>.-C.  Generators. 

Direct-Current   Turbo-Generators.     H.  D. 

C.  Beyer.     Elek  u  Masch — Sept.  28,  07.  10 

flgs.      5500    w.      Oct    6.      5   flgs.      3500  w. 
Each.  60c. 

Statioutiry  Apparatus  for  Dividing  the 
Tension  of  a  D.-C.  Dynamo  for  Supplying  a 
Three-Wire  Network,  E.  J.  Brunswick. 
IVlndustrie  Elec— Sept,  25,  07.  11  flgs. 
4000  w.     6O0. 

Three- Wire  D.-C.  Generators.  B.  T.  Mc- 
Cormiok.  Can  El  News — Oct.,  07.  2  flgs. 
laOU  w.  2Uc.  Ooscribes  briefly  the  prin- 
ciples of  operation  of  ihret^wire  generators 
which  are  the  outKrowth  of  the  Edison 
three-wire  system.  l*aper  read  at  the  annual 
convention  of  the  Canadian  Electrical  As- 
sociation.  Montreal.  Sept.    11. 

1>.-C  Motors. 

A  New  System  of  Automatic  Short-Circult 
Braking  for  Motors.  M,  Kallmann.  FJlek* 
Zeit — Sept.  2ts  07.      II   tlKS.     4000  w.    40c. 

How  to  Select  Direct -i^urrout  Klectrio 
Moiois  for  Plffeivut  Khuls  of  SorvKv.  C.  C. 
Stutz.    Am  Mach     Oct,  0,  07.    400  w.     l>Oc. 

luterpoles,   Kflfect>  of. 

The  Eftoi'ts  of  luterpoles  on  the  Working 
of  Generators  and  Motors.  H.  Zlpp.  Elek  u 
JUascL  -  Sept.  ^.  07.    15  figs.    500  w.    60c 


Transformers. 

Parallel  Connections  for  Transformers. 
George  Stern.  Elek  Zeit — Oct.  10,  07.  6 
flgs.     2000  w.     40c. 

Three-Phase  Two-Phase  Transformation. 
Edmund  C.  Stone.  El  Jl — Oct.,  07.  2  flgs. 
1500  w.    20c. 

Unbalanced  Loads  in  Two-Phase  to  Three- 
Phase  Transformation.  Bernh.  F.  Jakobsen. 
El  Wld — Oct.  12,  07.     5  flgs.     1800  w.    20c. 

LIGHTING. 

Illumination,  from  Inclined  Sources. 

Calculation  of  Illumination  from  Inclined 
Light  Sources.  J.  S.  Codman.  El  Rev — 
Oct.  5,  07.     4  flgs.     1200  w.     20c. 

Light,  Mechanical  Equivalent  of. 

The  Mechanical  Equivalent  of  Light.  Engg 
— Oct.  18,  07.     2100  w.     40c. 

Mercury- Vapor  Lamp. 

A  New  Mercury-Vapor  Lamp  in  Competi- 
tion with  Arc  Lamps.  El  Wld — Oct.  19,  07. 
4  flgs.  3300  w.  20c.  Describes  lamp  hav- 
ing a  tube  of  fused  quartz  instead  of  glass, 
so  that  it  stands  very  much  higher  temper- 
atures. 

Nemst  Lamp. 

The  Value  of  the  Nemst  Lamp  to  the  Cen- 
tral Station.  A.  E.  Fleming.  Cent  Stat — 
Oct.,  07.     3000  w.     20c. 

Tantalum. 

Tantalum.    Sc  Am  Sup — Oct.  5,  07.  2400 
•  w.  20c.     Abstract  from  an  article  in  "Revue 
Scientiflque,''    describing   the    properties  of 
this  metal. 

PLANTS  AND  CENTRAL  STATIONS. 

A.  C.  Systems,  Difllculties  in  Operating. 

Trials  of  the  Operating  Man.  M.  A.  Sam- 
mett.  Can  El  News — Oct.,  07.  17  flgs. 
6200  w.  20c.  Discusses  difllculties  met 
with  in  operating  alternating  current  sys- 
tems. Paper  read  at  the  Annual  Conven- 
tion of  the  Canadian  Electrical  Association, 
Montreal,  Sept,  1907. 

Construction. 

Modem  Power  Station  and  Electrical 
Construction.  W.  A.  Haller.  Jl  of  Assoc. 
Engg  Socs — Sept.,  07.  7  flgs.  7000  w.  60c. 
Paper  read  before  the  Louisiana  Engineer- 
ing Society  at  its  meeting.  May  13,  07. 

Electrical  Development. 

The  Possibilities  of  Electrical  Develop- 
mtut.  K.  Borlase  Matthews.  El  Rev 
(Loud) — Oct.  18.  07.  3600  w.  40c.  Ab- 
stract of  a  paper  read  before  the  Birming- 
h;un  and  District  Electric  Club,  October  10. 

Manchester  (Gng.)  Industrial  Sa^^. 

The  Supply  of  Electrical  Energy  for  In- 
dustrial Purposes  by  the  Manchester  ( Eng- 
land >  Corporation.  El  Wld — Oct  26,  07.  8 
tUs.     2400  w.     20c. 
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Ten  Minutes 

A  Month  is  all  thai  is 
^^^^^  necessary  to  Icarn  what 
articles  of  specific  inter- 
est in  your  line  have  ap- 
pcarea  during  the  pre- 
vious montn  in  the 
technical  periodicals  of 
America  and  Europe. 
Technical  Literature  in 
each  issue  gives  a  classi- 
fied descriptive  listingof 
all  articlesofimportance 
appearingin  the  current 
technical  press,  all 
brought  down  to  the  first 
of  the  month  of  issue. 
CONSULT  IT 


JUST  ISSUED         Second  Edition  of 

Godfrey *s  Tables 


A   l)o,.k 


Lse    in    ili-siKnini;    oi   steel 
lilriicniFcs. 


EDWARD  GODFREY,  ^'-frntiftifrp; 

Plica  12.50  :    to  club*  of  S.  $2.00 


HERE  IS  AN  OPPORTUNITY 

to  obuin  the  INDUSTRIAL  .MAGAZIXK   i.>r   cnc   year,   which   will   conUin 
•ottic  specially  written  articles  by  prominent  engineers  of  wide  experience. 

Some  of  the  principa]  authors  and  iheir  subjects  are : 

LtBclaB  W.  B«lei  (••*•»!  ■Ttkl«*)r  Panama  Caoal 

J.  W.  King  :    loautlrUl  RailMkra  aiul  Their  Uxi  for  MaBufaclurins  PUoia 

R,  M.  Boauinonl  :    Power  SuiJon  Coa)  and  A*h  Conrering  PrBblam 

H.  J.  Colo  :    RclnfoTcad  C<io(r«t«  and  Pnoumalic  Fouodalisiw 

F.  W.  Hackalaff  i  Tranamiaaioii  of  Powar  br  Rop* 

The  above  articles  consist  of  about  97.500  words  and  35  new  phofographs. 
THE   INDUSTRIAL  MAGAZINE  is  well  edited  and  printed  on  fine 
■lock,  aod  is  worth  four  times  its  subscription  price. 

Send  oa  your  order  with  One  Dollar  ($1.00)  for  a  year's  s 
Sample  copy  sent  on  request. 

Tn  uuDsiuu  Mauzini 

1825  P>rk  Row  BuiUint,  New  Yorit 
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Public  Lighting. 

Public  Lighting  Service,  Corporate  and 
Municipal.  Judson  H.  Houghton.  Eng  Mag 
— Nov..  07.  2  figs.  3200  w.  40c.  Gives  the 
practical  data  concerning  the  cost  and  the 
working  of  small  and  medium  plants,  with 
comments  upon  privately  and  municipally 
operated  lighting  stations. 

TELEGRAPHY  AND  TELEPHONY. 

8ag  of  Telegraph  Linea. 

Graphic  Determination  of  the  Sag  of  Tele- 
graph Lines.  G.  Nlcolaus.  Elek  Zelt — Sept. 
12,  07.  4  figs.  4000  w.  Sept.  19.  12 
figs.     5000  w.     40c. 

Telephone  Cable  Work. 

Features  of  Work  in  a  Well-Systemlzed 
Cable  Department.  O.  R.  Barnes.  Am  Tel 
Jl — Oct.  12.  07.     4  figs.     3600  w.     20c. 

Telephone   Line   on   Poles   of    a    72,000-Volt 
System. 

Successful  Operation  of  the  Telephone 
Line  on  72,000-Volt  Transmission  Poles.  R. 
D.  LllUe.  Am  Tel  Jl— Oct.  12,  07.  4  figs. 
2400  w.     20c. 

Toll  Lines. 

The  Maintenance  of  Toll  Lines  and  Opera- 
tion of  Composite  Circuits.  N.  C.  Klssell. 
Am  Tel  Jl — Oct.  12,  07.  5  figs.  4200  w. 
20c. 

TESTS    AND    MEASUREMENTS. 

AmmtuTe  and  Field  Resistances. 

The  *'Drop"  Method  of  Testing  Armature 
and  Field-winding  Resistance.  E.  S.  Lin- 
coln. Power — Nov.,  07.  1  fig.  1800  w. 
40c. 

£lerlrical  Porcelain. 

The  Design  and  Testing  of  Electrical 
Porcelain.  Dean  Harvey.  El  Jl — Oct.,  07. 
11  figs.     4000  w.     20c. 

Insulation  Resistance. 

A  Method  of  Testing  D.  C,  Networks  for 
Insulation  Resistance  During  Working. 
Daniel  Shirt.  El  Rev  iLond>— Oct.  11.  07. 
2  figs.     900  w.     40c. 

Central  Station  Light.  Heat  and  Power 
Priuviples.  Newton  Harrison.  Cen  Sta. 
— Ovt-.  07.  \  tyjs.  2S00  w.  20c.  Gives 
mot  hods  for  moasurlng  the  resistance  of  In- 
sulation. 

lr\ui  l.o*i5iO*i  ill  .\.  C  .\p!Uiratus. 

MeasureiiuMii  of  Iron  l.osso*  In  Alternat- 
ing; Current  .Vpparatus.  J.  Sahulka.  Elek 
i^oit— Oor    10,   •.':.      3   rtiis.      oOOi'   w.      40c, 

Resistamv  l\»iU. 

Ke:::s:a:ue  Cv'/<  a:id  Coiii:>ari<ous.  C. 
V.  l>ix>aa:o.  Kiev::-  Se:^:.  -7.  OT.  12 
f.sis.  -Ii".'  w  Oo:.  4.  4  f. :<:>:.  L'TOO  w. 
Eavh  i'.v-  v;:-.  o>  a  <Mr\-.'y  of  resist  a  noe 
CO  1 1  >  > ' '.  o  ^\ !  !•  .:;  U '.  e  i  r  e  ^  o  ^  .i  * :  o  r.  ".  i>  t  v^  t  ^  e  pr  es- 
eni  tutie  av.d  tl'.e  !vc'b.V.<  v.scvl  in  aocurate 
measure nwnis  oi  :vjiis:a:'.ce:   also  results  of 


tests  on  a  number  of  resistance  alloys. 
Paper  read  before  the  British  Association 
at  Leicester,  Aug.  19,  07. 

Watt^Meters. 

Metering  Commercial  Electrical  Cur- 
rents. H.  Miller.  El  Jl — Oct.,  07.  10  figs. 
6000  w.  20c.  Describes  several  types  of 
integrating  watt-meters  and  methods  of 
operating  and  testing. 

TRANSMISSION,  DISTRIBUTION,  CONTROL. 

A.  C.  Cable  Losses. 

The  Losses  in  Heavy  Alternating  Current 
Cables.  El  Rev  (Lond) — Oct.  11,  07.  4 
figs.  1100  w.  40c.  Describes  some  inter- 
esting experiments  on  the  Increased  resis- 
tance offered  to  alternating  currents  by 
cables  of  large  section. 

Alnminnm   Conductors. 

The  Use  of  Aluminum  as  an  Electrical 
Conductor.  H.  W.  Buck.  Engrs  Rev — 
Oct..  07.     900  w.     20c. 

D.  C.  Transmission. 

The  Thury  Direct-Current  Transmission 
System.  D.  Kos.  El  Wld — Oct.  26,  07.  8 
figs.  6500  w.  20c.  Discusses  its  prin- 
cipal features  as  developed  to  -date  and  Its 
possibilities. 

Distribution  Systems. 

System  at  Minneapolis  for  Distributing 
the  Energy  Transmitted  from  Taylor's 
Falls.  El  Wld — Oct.  5,  07.  9  figs.  2500 
w.     20c. 

A  Graphical  Method  of  Determining  the 
Voltage  Drop  in  Power  Distribution  Sys- 
tems. T.  L.  Kolkin.  El  Rev  (Lond) — Oct. 
U,  07.     7  figs.     2000  w.     40c. 

Grounded  Neutrals. 

Earthing  the  Neutral  Point.  E.  V.  Shaw. 
El  Rev  (Lond) — Oct.  18,  07.  3  figs.  1500 
w.      40c. 

The  Grounded  Neutral  with  and  Without 
Series  Resistance,  in  High-Tension  Systems. 
Paul  M.  Lincoln.  Proc  Am  Inst  El  Engrs 
— Sept..  07.  1  fig.  5000  w.  60c.  Read 
before  the  Am  Inst  El  Engrs.  New  York, 
Oct,   11. 

Line  Constants. 

Line  Constants  and  Abnormal  Voltages 
and  Currents  in  High-Potential  Transmis- 
sion. Ernst  J.  Berg.  Proc  Am  Inst.  El 
Eus:rs — Sept..  07.  6  figs.  7100  w.  60c. 
Read  before  the  Schenectady  Branch  of  the 
Am  Inst  El  Engrs,  Jan.  31. 

IJlne  Const ruot  ion. 

Kovvnt  Improvements  in  Catenary  Line 
Co:\sir;u*KM:  and  Methods  of  Installation. 
S'.    Kv    j:      Oct.    it?.    07.      3    figs.      4400   w. 


•   %.   V  . 


S\%  itchlHVAnls. 

Mi^*;       Kl    Kov 


for  Small  Stations.     E.  T. 
-Ov:.   5.  07.     9  figs.     1700 
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Switchboard  Wire  Protection.  T.  W. 
Poppe.  Bl  Wld — Oct.  6,  07.  3  figs.  800 
w,     20c. 

TranimlMion  Plant. 

The  TransmlBsion  Plant  of  the  Niagara, 
Lockport  and  Ontario  Power  Company. 
Ralph  D.  Mershon.  Proc  Am  Inst  El  Engrs 
— Sept.,  07.  38  figs.  7000  w.  60c.  A 
paper  presented  at  the  24th  annual  con- 
vention of  the  Am  Inst  El  Engrs,  Niagara 
Falls,   June  26. 


Transformer  Wirln£^. 

Wiring  and  Connections  for  Constant 
Potential  Transformers.  Geo.  A.  Bum- 
ham.  El  Wld— Oct.  5,  07.  20  figs.  2000 
w.^    20c. 

MISCEIiliAXEOUS. 

Picture  Telegraphy. 

Recent  Development  In  Picture  Tele- 
graphy. Dr.  Alfred  Gradenwltz.  Sc  Am — 
Oct.  26,  07.     8  figs.     1800  w.     20c. 


INDUSTRIAL  TECHNOLCXJY 


Acetylene. 

Acetylene:  Its  Adaptability  to  Various 
Uses.  Sir  Charles  S.  Forbes.  Pub  Wks — 
Oct.-Dec,  07.     18  figs.     6500  w.     60c. 

Brick  Manufacture. 

A  Novel  Method  of  Ascertaining  Fuel 
Consumption.  Brit  Clayworker — Oct.,  07. 
4   figs.      800   w.      40c. 

The  Mechanical  Treatment  of  Limey 
Clays.  Brit  Clayworker — Oct.,  07.  2700  w. 
40c. 

Firing  a  Continuous  Kiln.  XI.  Brit 
Clayworker — Oct..  07.  5  figs.  5900  w.    40c. 

Exploaivea. 

Modern  Explosives.  H.  Schmerber. 
CWnie  Civil — Sept.  21,  07.  2800  w.  60c 
Continued. 

Gas  Mannfactiare. 

Repairing  the  Cup  of  a  Two-Uft  500,000 
Cubic-Foot  Gas  Holder.  Geo  S.  Colquhoun. 
Jl  of  El  Power  &  Gas — Oct.  5,  07.  1  fig. 
1500  w,  20c.  Paper  read  before  the  Pa- 
cific Coast  Gas  Assn,  Santa  Crus,  Cal.,  Sept. 
17.  1907. 

Studies  in  the  Manufacture  of  Coal  Gas. 
Prof.  Alfred  H.  White  and  Fred  E.  Park. 
Am,  Gas  lA  Jl — Oct.  7,  07.  6  figs.  5500 
w.  20c.  Paper  prepared  for  the  fifteenth 
meeting  of  the  Michigan  Gas  Association. 
Desoribea  experimental  plant  and  its  op- 
eration: infiueui^>  of  sise  of  charge  on 
products  of  destructive  distillation:  pro- 
ducts of  distillation;   work  of  the  conden- 


ser; work  of  the  tar  separator;  the  elimina- 
tion of  naphthaline;  work  of  the  tar  washer 
and  the  scrubber. 

Sulphur  and  Oil  Gas.  P.  W.  Prutzman. 
Prog  Age — Oct.  15,  07.  '  2200  w.  20c. 
Read  before  the  Pacific  Coast  Gas  Assn, 
Sept.   17,   1907. 

Lampblack. 

Lampblack.  Am  Gas  Lt  Jl — Oct.  7,  07. 
2700  w.  20c.  A  compoBlte  paper  by  sev- 
eral members,  prepared  for  the  fifteenth 
meeting  of  the  Pacific  Coast  Gas  Assn. 

Producer  Gas  in  Chemical  IndusMes. 

Use  of  Producer  Gas  in  Chemical  Indus- 
tries. Oskar  Nagel.  Min  Rep— Oct  10, 
07.  2  figs.  2000  w.  20c  From  Electro- 
chem  &  Met  Ind,  Sept.,  1907. 

RecoYery  of  Tin  from  Iron  Bcnp, 

Extraction  of  Tin  from  Iron  Scrap.  C. 
Powell  Karr.  Met  Wkr — Oct.,  07.  2400 
w.     20c. 

Rubber  Goods,  Mmnutmdxare  of. 

Manufacture  of  Mechanical  Rubber 
Goods.  Sc  Am — Oct.  5,  07.  8  figs.  3300 
w.  20c.  Illustrated  description  of  the 
manufacture  of  rubber  hose,  paqking,  til* 
ing,  belts,  etc. 

Zinc  Pigments,  Mannfactnre  of. 

Manufacture  of  Zinc  Pigments.  Mines  ft 
Min — Sept.,  07.  2  figs.  2390  w.  40c. 
Describes  process  used  at  CofPeyville,  Kan* 
sas,  for  making  sine  oxide  and  leaded  sine 


MARINE  ENGINEERING 


Mydn»-PlAiK'  Hoat. 

The    OrvKvo    auvl     KiouMoui    Hydr<.>-F  .iii^ 

Lauuchiux.    I^tsaster   jit. 

Tho     l>is;t^U'v     a:     Kiva     Tri^oijo.     Italy. 

IVcicrites   •.^k•    ti.o'.'iii;   \.»\^r   and  siuklug  o£ 
the    'rriu<^is*K'^:>.t,  .U»;auda  '  at  Its  launching. 


"Liisitania,'' 

The  Cu::ard  Turbine  Liner  "Lusitania.'* 
L.  PLiU-l  Cr.?nie  CivU — Sept.  21,  07.  20 
!!.;s.      4    --    w.      60c.     First  of  a  series  of 


d-.<-.*  .'J'.-X 


articles. 


N  i \  •  .4 ,r : o II  b y  Ce lest iai  Observation — IL 
Su'i'hc!'.  r.  M.  Tasker.  Int  Mar  Sngg-^ 
Nov  .  -.:.      S  d;^.     3200  w.     40c. 
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If}      I 


lb*  Scientific  American 


promptly  chronicles  e 


%  concerning 


The    Industrial   Development    of    the  World 

IT  b  unique  among  periodical  tiieralure  because  of  the  atiihoritative  infor- 
mation il  contains  that  cannot  be  found  elsewhere  regarding  Scieniific, 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  ihe  Home  because 
its  ne%vs  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  famjy.  In  a  word,  the  "Scientific  American  ' 
is  a  distinciivelv  American  Weekly  for  the  enlightened  American  al  home 
or  abroad.    Suoscripiion  price,  S3  per  year  to  any  address  in  the  United  States. 


\ 


Valuable  Books  FREE  to  New  Subscribers 


SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  12mo.  516  pages.  "Is  a  veritable  gold 
mine  of  krxjwledge  on  almost  every  conceivable  subject  under  the  sun." 
—I'inilurj-i   Ptit. 

SCIENTIFIC  AMERICAN    BOY,     by    A. 

Russeil  Bond.  1 2mo.  320  pages.  "The  book  is  a 
vdume  of  practical  directions  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  all  kinds 
of^XJix" — S'nv  Yttk  Tiitui. 
HOME  MECHANICS  FOR  AMATEURS. 
by  George  M.  Hopkins.  l2mo.  370  pages.  "The 
boob  may  be  commended  for  its  practkabiltty  and 
," — \nu  Y»rk  Thiwit. 


The  books  are  beautifully  and  substantially  bound 
in  ck>th.  and  cannot  be  purchased  at  bookstores  for 
Its  than  SI. 50  each. 

Aadreu  MUNN  &  COMPANY.  No.  353  Broadway.  New  York 
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New  SteamshiiM. 

The  Steamships  Delaware  and  Pawnee. 
Charles  S.  Llnch.  Int  Mar  Engg — Nov.,  07. 
6  figs.     4000  w.     40c. 

Shaft  Brackets. 

Size  of  Shaft  Brackets.  Mariner  &  Engg 
Rec— Oct.  15,  07.     1000  w.     40c. 

Steel  Colliers. 

New  Steel  Steam  Colliers.  Int  Mar  Engg 
— ^Nov.,  07.  4  figs.  2000  w.  40c.  De- 
scribes vessels  Intended  for  the  coal  trade 
between   Boston  and  the  South. 


Superheating  in  Marine  Practice. 

Superheating  in  Marine  Practice.  Mech 
Engr — Sept.  28,  07.  4  figs.  1500  w.  Oct 
5.     2  figs.     900  w.     Each  40c. 

R.  R.  Transfer  Boat. 

The  Steamer  Maryland.  Int  Mar  Engg — 
Nov.,  07.  9  figs.  2400  w.  40c.  Describes 
a  recently  completed  twin-screw  steel  trans- 
fer boat  for  the  N.  Y.  P.  &  N.  R.  R.  Co. 
to  run  between  Cape  Charles  and  Norfolk. 

Vessel  of  the  Fntnre. 

The  Vessel  of  the  Future.  Arthur  B. 
Llddell.  Int  Mar  Engg — Nov.,  07.  3700 
w.      40c. 


MECHANICAL  ENGINEERING 


H.  Mar- 
900   w. 


AIR   MACHINERY. 

Cknnpressorff. 

Turbo-Compressors  from  a  Thermody- 
namic Standpoint.  W.  Schiile.  Z  V  D  I — 
Oct.  18,  07.     7  figs.     30.00  w.     60c. 

1200-Hor8e  Power  Air  Compressor.  Engr 
(Lond) — Oct.  11,  07.  7  figs.  1800  w. 
40c.  Describes  an  English  colliery  plant 
in  which  the  piston  speed  and  output  are 
considerably  In  excess  of  those  usual  In  air 
compressor  practice. 

Pnenmatic  Tools. 

Pneumatic  Tools  for  Boiler  Shops — I. 
Charles  Dougherty.  Boiler  Maker — ^Nov., 
07.  12  figs.  2400  w.  20c.  Describes  Im- 
portant points  on  the  design,  operation  and 
care  of  pneumatic  drills,  hammers  and 
hoists. 

POUNDING. 

Casting  Under  Pressure. 

Casting  Metals  Under  Pressure, 
tin.  Castings — Oct.,  07.  1  fig. 
20c, 

CniM^a. 

The  Cupola.  Castings — Oct.,  07.  2  figs. 
3600  w.  20c.  First  of  a  series  of  articles 
on   mixtures,   melting   operations,   etc. 

Dust  Removal. 

Dust  Removal  In  a  Brass  Foundry.  Wal- 
ter B.  Snow.  Heating  &  Vent  Mag — Oct., 
07.     5  figs.     2700  w.     20c. 

Foundry  Construction. 

An  example  of  Good  Foundry  Construc- 
tion. Castings — Oct.,  07.  7  figs.  1700  w. 
2  Go.  Describes  nxethods  of  handling  pig 
iron,  coke  and  return  scrap  at  the  plant 
of  the  Best  Foundry  Co.,  Bedford,  Ohio. 

Faults  of  Iron  Castings. 

Faults  of  Iron  Castintrs.  Forrest  E.  Car- 
duUo.  Much— Oct..  07.  1200  w.  40c. 
First  article  of  a  series:  gives  points  for 
the  guidance  of  machine  designers. 

Foundry  Metallurv:>'. 

Foundry       MetaUars;y.       Castings — Oct.. 

07.     7300  w.     2  0c.     The  first  of  a  series  of 

articles  ^iviui:  simple  but  scientific  explan- 

atJon  ofeii:$entidh'ot  practical  metaUur&y. 


Foundry  Slags.  Castings — Oct.,  07.  1700 
w.  20c.  Discusses  slags  as  they  appear 
from  the  chemist's  point  of  view. 

Molding  Practice. 

Molding  a  Screw  Propeller  in  Lioam. 
Joseph  F.  Hart.  Am  Mach — Oct.  24,  07. 
12  figs.  2400  w.  20c.  Descrlhes  emer- 
gency method  used,  with  indifferent  facili- 
ties. 

Molding  Curved  Pipe  in  Dry  Sand.  Am 
Mach — Oct.  31,  07.     4  flgs.     1300  w.     20c. 

Multiple  Molding.  James  C.  Mills.  Mod- 
ern Mach — Oct.,  07.     2  figs.     2400  w.  20c. 

Segmental  Core  Molding.  H.  J.  McCaslln. 
Castings — Oct.,  07.     6  flgs.     2200  w.     20c 

Temporary  Pattern  and  Method  of  Mold- 
ing a  Conveyor  Pipe.  Alfred  Hlhhs.  Cast- 
ings— Oct.,  07.     8  figs.     1200  w.     20c. 

Sand. 

Preparation,  Proportioning  and  Testing 
of  Foundry  Sand.  J.  Kraus,  Stahl  u  Blsen 
— Oct.   16,  07.     6  figs.     8600  w.     60c 

HEATING   AND   VENTIIiATION. 

Air  Valves. 

Air  Valves  for  Steam  Heating  Systems. 
W.  H.  Wakeman.  Dom  Engg — Oct.  26,  07. 
5  figs.     2300  w.      20c 

Anemometer. 

A  Recording  Anemometer.  J.  Roger 
Preston.  Met  Wkr — Oct  1-2,  07.  8  figs. 
3000  w.  20c.  Paper  read  hefore  the  In- 
stitution of  Heating  and  Ventilating  En- 
gineers, London,  England,  Oct.  8. 

Furnace  Heating  Rules. 

Some  Furnace  Heating  Rules  and  Their 
Explanation.  Met  Wkr — Oct.  12,  07.  2000 
w.  I'Oc.  A  brief  statement  and  explanation 
of  simple  rules  embodied  in  a  paper  re- 
cent ly  read  before  the  National  Association 
of  Sheet   Metal  Workers. 

Heating   lu^itfillations. 

Heatiu^;  and  Ventilating  the  Commercial 
Nailoiia:  Uauk  Building.  Chicago. — L  Bng 
Wee — ^Ov:\.    :^,  v^":.     1  a^.     4300  w.     20c 
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Machines 


TAoc  Will  Co 
QmcUy 


SAVE  $65 

A  Typewriter  Equal  and  Supe- 
rior in  Many  PointM  to  the  StOO 
Machine*.  Offered  to  Technical 
Literature  Readert  at  Only  S3S— 
SS  After  Actual  Trial— Balance, 
JE3  a  Month. 


No  Money 

Now 


T17  It  io  Yoor  Owa 
Office  or  ijhnrj 


Regular  Price.  $50    j;. 
Special  Price,  $35 

or 
Cull  with  order,  $3 1.50 


$5  After  Trial  and 
Only   $3  a    Month 


The  typewriter  has  tiecn  prrfcctctl  until  now  it  is  an  accepted  (act  that  almoit 
everythine  within  the  bountls  of  letter  wriiinu  may  be  done  with  its  aid. 

EvYTTborfy   Meda   ■   lypewiiiat.      Kv«T)r  purchuar  ol   m  trp*-nur  iboold  ba  ceiuin    he   i> 
Mcucini  *o  rtlicl*nl,  nndBriof  auchina ;  be  ^ald  koow  All  ot  iu  poiat*.     R*m1  tb«  D«xt  p«i* 
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HoAtlng  and  Ventilating  the  United 
I  HlAtoN  Naval  Academy.  Heat  &  Vent  Mag 
{    ••     10  Hkh.      1800  w.     20c.     Shows  method 

tmud    In   ventilating    lecture  halls    having 

■titppnd    floors. 

I  llentlng  Rystem  of  the  St.  Frances  Home, 

I  Dntroll,  Mich.  Eng  Rec — Oct.  19,  07.  2 
11km.  C400  w.  20c.  Describes  a  scheme 
which  roinblnos  hot-blast  heating  for  dor- 
niltorlrs.  Inrgo  dining  room,  chapel,  etc., 
and  dlrvct  radiation  for  the  heating  of  all 
amallor  rooms  and  for  auxiliary  heating  In 
I     the  larger  public  rooms. 

,Hot*Air  Heating. 

Dlowor  HyBtcm  of  Schoolhouse  Heating. 
Dom  Eimvi'  Oct.  12.  07.  8  flgs.  2800  w. 
80(\  (Mvos  plans  of  a  complete  system 
with  detailed  description. 

Charts  Showing  the  Performance  of  Hot- 
Blast    Colls.      Burt    S.    Harrison.      Heat    & 
i     Vent  Mag — Oct.  07.     3  charts.     900  w.  20c. 

Hot  niast  Heating.  Charles  L.  Hubbard. 
Dom  Kugg---Ort.  5,  07.  3  flgs.  1600  w. 
Oot.  19«  G  flgs.  2000  w.  Bach  20c.  Oct. 
A:      Disk  fans.     Oct.   19:    Fan  engines. 

Moro  Data  Concerning  Pan  Heaters.  E. 
T.  Child.  Met  Wkr-  Oct.  5.  07.  6  diags. 
4000  w.  aOo.  Gives  detailed  investigation 
of  the  stoam  requirements  and  tempera- 
turt^s  iH)ntaiuod  In  pipe  coil  heaters. 

AVntllattiMC. 

The  MtH'hanloal  Ventilation  and  Warming 
of  St.  GtH^rgt^'s  Hall,  hivorpool.  England. 
Cha».  U.  HunulbaU.  Heat  &  Vent  Mag — 
iVt..  07.  4  ttg»,  2200  w.  Paper  read 
before  the  llrltUh  Institution  of  Heating  & 
Ventilating  KnglntH^rs.  lA>ndon»  Oct.   S.  07. 

Ventilation  and  Sanitation.  A.  E.  Bat- 
Ue.  Mar  Kngr  *  Nav  Anh— Oct,  I.  07.  S 
l\g«.  TfJOO  w.  40v\  Head  at  the  Knglnoer- 
Inis  and  Machinery  Kxhibition,  Olympia. 
lA^ndon.  K^forx^  iho  mcmlH^r*  of  the  Insti- 
iwte  of  Marine  Kuslmn^rs.  on  Sepr  2S.  dis- 
OMs*^'^  >«t»*\v?  wuh  rt\5|HH,*i  lo  ivndlUous  on 
•hip*  \vir\l 

HOISTING    ANU    HANOMMi    MXCHINKKV. 

A;rA«<\  u'<*v,?*  :v>r  Hauvi*in»t  Ov>al  Ouiput. 


f  ^^  ^      ..%      ^i .^v*  de*cruh 


Eleratora. 

An  Electric  Incline  Lift  El  Engg — Sept 
26,  07.     2  flgs.     1400  w.     40c. 

The  Hydraulic  Elevator.  William  Bax- 
ter, Jr.  Power — Nov.,  07.  8  flgs.  5200 
w.  40c.  XI.  The  Electrical  features  of 
vertical-cylinder  elevators;  operation  and 
care  of  pilot  valves  and  connecting  mechan- 
isms. 

Mine  Hoisting. 

The  use  of  Winding  Ropes,  Safety 
Catches  and  Appliances  in  Mine  Shafts.  Coll 
Ouardn — Sept  27,  07.  1  fig.  4700  w.  Oct 
11.  6  flgs.  7200  w.  Each  40c.  Report 
of  the  Transvaal  Commission,  appointed  by 
the  Governor  of  the  Transvaal  in  1905  to 
Inquire  into  the  subject 

Rapid  Hoisting  with .  Light  Equipment 
Min.  &  Sc  Pr — Oct  12,  07.     700  w.     20c. 

Report  of  the  Transvaal  Commission  on 
the  Use  of  Winding  Ropes,  Safety  Catches 
and  Appliances  In  Mine  Shafts. — I.  Eng 
News — Oct.    31,    07.      6000    w.      20c. 

Safetj  Hoisting  Devices. 

New  Safety  Devices  for  Hoisting  Engines. 
J.  Iverson.  Z  V  D  I — Oct  5,  07.  15  flgs. 
6500   w.      60c. 

HYDRAlIilC  POWER  PLANTS. 

Balanced  Gate-Valve. 

A  New  Design  of  Balanced  Gate-Valve. 
Eng  News — Oct.  17,  07.  2  flgs.  500  w. 
20c.  Describes  a  double-seated,  balanced 
gate-valve  of  new  design,  possessing  fea- 
tures of  advantage  over  the  ordinary  gate 
or  disk  valve. 

GoTemonk 

Mutual  Reinforcement  of  Water-Wheel 
GovernoRSL  B.  F.  Groat  Eng  News — Oct 
10.  07.     3  figs.     1300  w.     20c. 

Hxdn>-Kle«trlc  PlaBls. 

HydnvEIectrlc  Central  Station  of  Char- 
cani  at  Are^uipa.  Peru.  Emile  GuarinL  El 
Rev — Oct.  5.  07.     2  fi«s.     2S00  w.     20c, 

Hvdn>- Electric  Power  and  Transmission 
r.Ant  at  West  Buxton.  Maine.  El  Wld — 
IV'..  :r.  CT.  11  figs.  3100  w.  20c.  De- 
*vr:N:>si  jL  4.v'0'>-HP.  development  on  the 
^vv   K:ver  Jor  s-i?plying  Portland. 

*..kv>.  :.<*t¥z  Wji:er  Power  Worka.     Engr 

Vov.si        <V:.  4.  vT.     T  figs^     1500  w.     40c 

v^.'^vii  A  i:Y~t"riL  siescriptioa  of  a  new  hydro- 

vro  H:  ,::---K><:r:v  P'jint  of  the  West 
\,v.,v.<.^    V.-^zr   ib    Li^5:;   Co.^   Ltd.,   B,   C. 

:      5  ijs.     3500  w.  20c 


Vj-o      ^V-_    _» 


■V  •»    ,-       .    . 


V-;*  Nc*  :\*w-fr  sraz:;  of  the  Lowell 
K  sv .  • .  .,c  ^ :  v'.TTcra-.ioa.  El  Wld — Oct 
i.  o:  i  -r.Jt^  S/.'f  w.  2*c  Gives  de- 
taL^»  yfi  Jk   I'C^    z^.r^tm  ^w^v  stniion  now 
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Three  Low-Head  Hydro-Electric  Develop- 
mentB  In  Michigan.  Eng  Reo — Oct.  19,  07. 
10  flgi.  9400  w.  Oct.  26.  9  figs.  1400 
w.  Each  20c.  Describes  the  systems  of  the 
Grand  Rnplds  Muskegon  Power  Co.  and  the 
Commonwealth  Power  Co.,  at  Big  Rapids 
and  Lyons. 

Impulse  Whoels,  Large. 

Large  Impulse  Wheels  for  a  Brazilian 
Hydro-Eloctric  Station.  Eng  Rec — Oct.  19, 
07.     2  flgs.     1000  w.     20c. 

PnmpM  and  l*umping  Machinery. 

Centrifugal  Pumps.  E.  F.  Doty.  Engr 
— Oct.   IB,  07.     7  flgs.      1200  w.     20c. 

Design  of  a  Four-stage  Turbine  Pump. 
C.  W.  Clifford.  Am  Mach— Oct.  17,  07.  6 
flgs.     1100  w.     20c. 

Modern  Pumping  and  Hydraulic  Machin- 
ery, Edward  Butler.  Mech  Engr — Oct.  5, 
07,  10  flga.  2500  w.  Oct.  19.  9  flgs. 
3700  w.     Each  40c, 

Operating  Reciprocating  Steam  Pumps 
By  the  Dense-Air  System.  Snowden  B. 
RedfleUl.  Comp  Air — Oct.,  07.  3  flgs. 
5800  w,  20c.  Describes  a  method  of  op- 
erating a  steam  pump  with  high-pressure 
air  which  exhausts  Into  a  closed  piping  sys* 
torn  leading  buck  to  the  compressor  In- 
take, the  pressure  In  this  closed  exhaust 
pipt^  being  kept  considerably  above  that  of 
the  atmosphere. 

Prevention  of  Short -Stroking  of  Direct- 
Acting  Duplex  Pumping  Engines.  A.  P. 
Blaokstead.  Eng  News— Oct.  31.  07.  1300 
w,     20c, 

The  Plttler  Rotary  Pump  and  Motor  at 
the  Oivmpia  Exhibition.  Eugg— Sept,  27. 
07,  12  ttgSL  1700  w.  40e,  Gives  details 
of  a  rotary  pump  and  motor  which  have 
been  appUtHl  to  automobiles,  giving  a 
hydraulic  drive:  the  pump  is  driven  by  a 
gai^oleue  engine. 

The  iMesse  OouuK>uud  Si  earn- Pump  at 
the  Olvmpia  Kxhlbiilon.  Eugg  Sept.  27, 
07.  H>  ttgs.  ISOO  w,  40c,  IVscrlbes  a 
steam  pump  deaUgutsi  to  give  as  gvKHl  re- 
sults in  I  he  vvusumpdou  of  sceam  as  the 
avvrag^*  tly-whtvl  pumpius  engine. 

VeKH-4ty    Meter, 

A  Sit«i>!c  %V\vUv  Meter.  O.  S.  Coleman, 
Surv-   Sept.    :::,    o:.      I400    w.    40c. 

Octs  -*-.vv..vr  Vlji'.;:*.     b::  U  .1-  Oc:.  :♦.  ■::. 
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Bnflpliie  Losses. 

Thermal  and  Power  Losses  in  Internal- 
Combustion  Engines.  A.  H.  Bnmand.  Engg 
— Oct.  4,  07.  3  flgs.  4200  w.  Oct  18.  1 
flg.  3400  w.  Each  40c.  Gives  data  based 
upon  experiments  and  deductions  there- 
from. 

Gas  Engiiies. 

A  Tear's  Experience  with  Gas  Engines. 
Paul  Windsor.  St  Ry  Jl — Oct.  19,  07.  1500 
w.  20c.  Paper  presented  at  the  Atlantic 
City  Convention  of  the  Am.  Street  and  In- 
terurban  R.  E.  Assn. 

Chief  Points  of  Difference  Between  the 
Gas  Engine  and  the  Steam  Engine.  Wil- 
liam H.  Booth.  Power — Nov.,  07.  3000 
w.     40c. 

Gas  Engines  and  Suction  Gas  Plants.  Hal 
•Williams.     Gas  &  Oil  Power — Oct.   15,  07. 
5400  w.     40c. 

Gas    Power   Plants. 

Gas-Power  Central  Station  of  the  Du- 
quesne  Light  Co.,  Pittsburg,  Pa.  Norman 
C.  MacPherson.  Eng  Rec — Oct.  26,  07. 
4600  w.  20c.  Paper  read  before  the 
American  Institute  of  Electrical  Engineers, 
Pittsburg  Branch. 

Producer  Gas  for  Power  Purposes.  J. 
R.  Bibbins.  Ir  Age — Oct.  3,  07.  7  flgs. 
S200  w.  20c.  Discusses  the  efficiency  of 
typical  plants  using  hard  and  soft  coals. 

Gas  Turbine. 

New  Gas  Turbine  and  Centrifugal  Air 
Compressor,  Sc  Am  Sup — Oct.  12,  07.  3 
flgrs:.  2000  w.  20c.  Describes  the  second 
Improved  turbine  constructed  by  Messrs. 
Armengaud  and  Lemale,  Paris. 

Gas  Ts.  Electric  Power. 

Comparative  Economies  in  operating 
Small  Motors  By  Gas,  Gasolene  and  Elec- 
tricity. J.  H.  Newbert.  Prog  Age — Oct. 
15.  07.  1600  w.  20c.  Read  before  the 
Pacitlc  Coast  Gas  Association,  Sept.  17-18. 

IgnitloB. 

Contract  Method  of  Gas  Engine  Ignition. 
E.  J.  Edwards.  El  Wld — Oct.  19.  07.  1 
lig.  :f  400  w.  20c.  Describes  the  electrical 
f^c:or$  to  be  considered  in  the  design  of  a 
'wucaot*'  or  **make-and-break"  sparking 
e>iulpmenc  for  a  gas  engine. 

Kleccric  Ignition  for  Internal  Combus- 
tiov.  fc^ii^irxes.  G^nie  CirU — Sept.  21,  07. 
»>  trsi-s.  ',000  w.  60o.  Describes  the  sys- 
:vii:  v.U^v'<tvi  ijy  Sir  Oliver  Lodge. 

Lk^uhI  Fuel. 

'..:;.:i-i  b'^j-f!  ilor  Internal  Combncd^lon  En- 
;;■.•-:>.  K.  W  A.  Brewer.  Mech  Engr — 
Oc-     \Z.   ■:'       4iJ0   w.      40c. 

H\CH1\E   PARTS. 

hu::     j'ji     >:,*.;^.-     B<?axings. — i.      J.    P. 

;>pni!iSv'  v^-- — Oct.     IT.     07.      5   figs. 

UiK»  ^  O.: ;  :  i  \'}  d^.  tfOOO  w.  Each 
20c.  Pi>v  i^Nses  ^i-  ise  of  separators  for 
the  purivo-t.'  .•!  .-^liM-.-iog  friction. 
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Ball  Bearings.  Mech  Wld — Oct.  11»  07. 
16  figs.     1700  w.     20c.     Continued. 

Tegt  of  Hardened  Steel  Balls.  R.  S. 
Stribeck.  Z  V  D  I— Sept.  21,  07.  14  figs. 
6000  w.     60c.     Second  installment. 

Orano  Hooks. 

Notes  on  Boat  and  Anchor  Cranes. — i. 
Int  Mar  Bngg — Nov.,  07.  6  figs.  2400  w. 
40o.  Gives  details  of  cranes  and  crane 
hooks  representing  the  best  recent  prac- 
tice. 

Gears. 

Design  of  Helical  and  Herringbone 
Gears.  Charles  H.  Logue.  Am  Mach — 
Oct.  24,  07.     11  figs.     3300  w.     20c. 

Intererfence  in  Involute  Gears.  C.  C. 
Stits.  Am  Mach — Oct.  10,  07.  5  figs. 
1800  w.  20c.  Gives  graphical  demonstra- 
tions, formulas  and  plotted  diagrams  for 
explaining  the  principles  governing  inter- 
ference. 

Strength  of  Bevel  Gears.  Chas.  H. 
Logue.  Am  Mach — Oct.  17,  07.  1  fig.  900 
w.      20c. 

FrtcUon  Washers. 

Test  of  Fiber  Friction  Washers.  S.  P. 
Yeo.     Am  Mach — Oct.  24,  07.     300  w.  20c. 

Press  Fmmc. 

Designing  a  Press  Frame.  Am  Mach — 
Oct.  10,  07.     2  figs.     3900  w.     20c 

Rope  Drive. 

Notes  on  Rope  Drives  at  Various  Angles. 
Mech  Wld— Oct.  11,  07.  10  figs.  3100  w. 
20c. 

Developments  of  Change  Gears.  So 
Mach — Oct.,  07.     2  figs.     3000  w.     20c. 

SiMMHl-Cluailtiiiff  Devices. 

A  Variable-speed  and  Feed  Mechanism. 
T.  M,  I^wthian.  Am* Mach — Oct.  17.  07. 
2  flg^  1600  w.  20c.  Shows  in  detail  a 
new  device  for  obtaining  a  multiplicity  of 
changes  for  either  speed  or  feed  gears. 

Speed  Changing  Mechanisms  for  Machine 
Tools.  Krani  Adlor.  Z  V  D  I — Sept.  21, 
07.  29  f\g«.  7000  w.  Oct.  12.  26  figs. 
6000  w.     Kaoh  60c. 

The  S^^lutlon  of  Hovel-Geared  Kplcycllc 
Trainii.     Am  Mach — Oct,  24,  07.     W.  Owen. 

,^    fijtTP.      2600   w.      20c. 

Womi  itt>ar. 

Collier  s  Hall  Worm  Goar.  W,  H.  Booth. 
Am  M.-^oh  Oct,  17,  07.  o  ftjrs.  1700  w. 
20i\  IVsortbojs  .-i  ouriotis  form  of  worm- 
ifoar  in  which  tho  t<vth  of  the  t^orm  ^heol 
.•iro  st<H*l  balls  sank  to  thoir  equatorial  line 
in  cups  hoiva  in  ;ho  Inviy  of  tho  whool. 

MATKKIAIX 

AIK>v*.      A.      Hnm^s^^it      Sextott.      )ie<^ 
Enjtr     ^opt.  2S.  o:.     7  ftjnt,     4<«6  W,     4da 
XXI.      i*n?^1^aJfon   of   AlSoyt. 


Ck>pper-Clad  SteeL 

Monnot  Copper*-clad  Steel.  Am  Mach — 
Oct.  3,  07.  2  figs.  1700  w.  20c.  De- 
scribes successful  methods  of  making  rods 
or  sheets  with  an  iron  or  steel  core  and 
a  copper  covering  to  protect  it  from  oxi- 
dization by  water,  gases  and  acids. 

Ductile  Metals. 

The  Hard  and  Soft  States  in  Ductile 
Metals.  Engg — Oct.  4,  07.  2500  w.  40c 
Editorial  discussion  of  a  paper  recent^ 
presented  to  the  Royal  Society  by  Mr.  G. 
T.  Beilby. 

Labrlcating  Oils. 

Lubricating  Oils.  J.  H.  Coste  and  E.  T. 
Shelbourn.  Pub  Wks — Oct.-Dec.  07.  2 
figs.  500  w.  60c.  Discusses  friction  and 
the  properties  of  various  lubricants. 

Malleable  GSastings. 

Malleable  Castings. — HI.  B.  L.  Rhead. 
Mech  Engr^ — Oct.  5,  07.  12  figs.  2600  w. 
40c. 

Steel. 

Further  Experiments  in  the  Aging  of 
Mild  Steel.  C.  E.  Stromeyer.  Ir  &  CI 
Tr  Rev — Sept.  27,  07.  29  figs.  8500  w. 
40c.  Paper  read  at  the  Vienna  meeting  of 
the  Iron  &  Steel  Inst.,  Sept.  23-24. 

Hardened  Steels.  Percy  Longmuir.  Ir 
&  CI  Tr  Rev — Sept.  27,  07.  12  figs.  4000 
w.  40c.  Paper  read  at  the  Vienna  meet- 
ing of  the  Iron  &  Steel  Inst.,  Sept.  23,  07. 

Vanadium  and  Vanadium  Steel. 

Extension  in  the  Use  of  Vanadium.  Bax- 
eres  De  Alzugaray.  Min  Wld — Oct.  5,  07. 
900   w.      20c. 

Vanadium  Steel.  E.  F.  Lake.  Mach — 
Oct,,  07.  18  figs.  1600  w.  40c  Sets 
forth  the  characteristics  of  this  new  alloy 
steel  for  machine  constructioih 

The  Present  Source  and  Uses  of  Vana- 
dium. J.  Kent  Smith.  Trans  Am  Inst  Min 
Engrs — Sept..  07.  2300  w.  $2.00.  Paper 
read  at  the  Toronto  meeting,  July,  1907. 

Vanadium  and  Its  ESffect  on  Steel  and 
Copper  Alloys.  Met  Indus — Oct.,  07.  1600 
w.     20c, 

MECHANICAL  DRAFTIXG. 

Detail  Drawings,  System  of. 

A  Practical  System  of  Detail  Drawings. 
Bruce  C.  McAlpine.  Am  Mach — Oct,  17, 
07.     3   figs.     1500  w.     20c 

l>mfting  Room,  Locatkm  of. 

The  Drafting  Room,  Its  Location  and 
Work.  Oscar  K.  Perrlgo.  Ir  Tr  Rev — Oct 
,'^.  07.  4  fig^,  S500  w.  20c  The  first  of 
a  scries  cf  articles  on  shop  management 
and   cost   keeping. 

l^c^mctrical  l\>B5«nMtioA. 

Drawir.*:  a  Circular  Arc  Tangent  to  a 
Olren  Arc  ar.d  to  a  Giren  StnJght  Una  at 
a  Given  Point.  H.  V.  Pnrman.  Am  Madi 
— Oct,  IT,  vT.     S  flgSL     SOO  w.     20c. 
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PhotogrftphlBg  Machlnerj. 

Photographing  Machinery.  Am  Mach — 
Oct.  10,  07.  4  figs.  1900  w.  20c.  Qives 
Instructions  for  obtaining  good  photographs 
for  reproduction. 

Tool  Ohofit. 

A  Draftsman's  Tool  Chest.  I.  O.  Bay  ley. 
Mach — Oct.,  07.     4  figs.  1100  w.     40c. 

MECHANICS. 

Temperature  Stresses  in  a  Hollow 
Sphere.  A.  Leon  and  A.  Basch.  Zeit  d. 
Oest  Ing  u  Arch — Oct.  11,  07.  .  2  figs.  3000 
w.     60c. 

The  Effect  of  Hardening  and  Tempering 
on  the  Dimensions  of  Steel.  John  Phin. 
Am  Mach — Oct.  17,  07.     600  w.     20c. 

The  Loading  of  Crane  Hooks  and  Other 
Curved  Beams.  C.  Pfleiderer.  Z  V  D  I — 
Sept.   21,   07.      8   figs.      5000  w.     60c. 

31BTAL  WORKING. 

Bodies  with  Sniral  Holes. 

Method  of  Producing  Bodies  with  Spiral 
Holes.  B.  D.  Scwall.  Aia  Mach — Oct  10, 
07.     4  flga.     900  w.     20c. 

Case-Hardoniiitf. 

CA8o-Hardoning.  G.  Shaw  Scott.  Ir  &  CI 
Tr  Rev — Sept  27,  07.  11  flgs.  5200  w.  40c. 
Paper  roud  before  the  Vienna  Meeting  of 
the  Iron  «&  Steel  Inst.    Sept.  23-24. 

The  Caae-Hardening  of  Mild  Steel.  C.  O. 
Bannister  and  W.  J.  Lambert.  Ir  &  CI  Tr 
Rev— Sept.  27,  07.  22  figs.  2600  w.  40c. 
Paper  read  at  the  Vienna  Meeting  of  the 
Iron  &  Steel  Inst,  Sept.  23-24. 

IHos  for  riiuiUc  Materials. 

Making  Dies  for  Plastic  Materials.  Am 
Mach— Oct.  24,  07.     2600  w.     20c. 

Drop  FV^riKinit. 

Drop-ForKtng  Methods  and  Interesting 
Work.  Am  Mach — Oct.  10,  07.  7  flgs. 
2^000  w.  20c.  Descril>es  manufacture  of 
drcvi>>(orgtui;s  with  woU-installed  equipment 
and  $how$  some  dilHoult  forgings  and  their 
die*. 

IC\lni«tct1  TuIh^  and  Shaix^. 

Oolil-Kxtruviod  Tubes  and  Shapes,  P. 
Ureuil,  Ovuio  Civil- Ool.  o.  OT.  7  ftps. 
SOOO  w.  tiOc.  V^irst  article  describing 
methods  us«n1  in  tho  manufaclurt*  of  copper, 
rino  a  nil  ahiniiunm  tubes  by  the  Soci$t^ 
Krnn<«is«'^  do  MtM,inurjiio. 

yakinjE  Tubes  b\  ibo  Kxtrr.sion  or 
"Svjuivur.c"    rvoiVi^s       Ara    Mnch  -  Oot.    10. 

Kilo*. 

K\;v.v.';v,v.ic    .-inil    Tos:-.r.c    V^i'.es       OsoAr   K 

\' ;;  V ;  n  c  S  \x  '.  vs  V"  .^s  : ";  \  r.;  o  v  ;o,n  -  *. '; . 
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Fly  Catter  as  Reference  Gage. 

The  Fly  Cutter  aa  a  Reference  Gage.  Am 
Mach — Oct.  24,  07.  4  figs.  1500  w.  20c. 
Supplements  a  preyious  article  and  showg 
further  uses  of  the  fly  cutter. 

Gear  Cutting. 

A  Novel  Gear  Shaper. 
Am  Mach — Oct.  3,  07. 
20c. 


Frank  C.  Hudson. 
4   flgs.      1300  w. 


Cutting  Beyel  Gears  with  a  Rotary  Cutter. 
H.  P.  Fairfield.  Machy — Oct.,  07.  19  flgs. 
2100  w.  40c.  Profusely  illustrated  article 
showing  each  step  taken. 

Gradnating  in  the  Lathe. 

Method  of  Graduating  in  the  Lathe.  Wm. 
C.  Force.  Machy — Oct.,  07.  3  flgs.  500 
w.     40c. 

Hardening  and  Tempering  Steel. 

Hardening  and  Tempering  High-Speed 
Steel.  James  Steele.  Am  Mach — Oct.  17, 
07.     1600  w.     20c. 

The  Hardening  of  Steel.    L.  Demozay.    Ir 

6  CI  Tr  Rev — Sept.  27,  07.  49  flgs.  8500 
w.  40c.  Paper  read  at  the  Vienna  meet- 
ing of  the  Iron  &  Steel  Inst.    Sept.  23-24. 

Key  Planing. 

Planing  Fixtures  for  Round-Edge  Keys. 
R.  H.  Wadsworth.  Am  Mach — Oct.  24,  07. 
5  flgs.     800  w.     20c. 

Layout  of  ''Y^*  Connection. 

Layout  of  a  Large  *'Y"  Connection.  Em- 
met S.  Hegerty.     Boiler  Maker — Nov.,  07. 

7  flgs.     2500  w.     20c. 

New  3Iachine  Tools. 

A  Novel  16-Spindle  Drill.  Am  Mach — 
Oct.  24,  07.     3  flgs.     700  w.     20c 

Machinery  at  Olsrmpia.  Engr  (Lond) — 
Sept.  27.  07.  9  flgs.  5300  w.  40c  De- 
scribes new  machine  tools  and  appliances 
shown  at  this  exhibition. 

The  Engineering  and  Machinery  Exhibi- 
tion, Olympia. — ^I.  Joseph  Homer.  Engg — 
Sepu  27.  07.     14  figs.     7600  w.     40c 

Power  Required  by  Madiine  Tooia. 

Power  Required  for  Drive  Machine  Tools. 
H.   B.   Emerson.     Am  Mach — Oct.    10.   07.    * 
3600  w.     20c 

Power  Values  for  Machine  Tools  in 
Groups.  L.  P.  Alford.  Am  Mach — Oct.  31. 
07.  ISOO  w.  20c.  Gives  tables  of  the  horse- 
power reQuired  for  150  machine  tools  of 
$t,'\r.dard  shapes  and  sizes  showing  how 
those  v,^Iues  were  obtained. 

Reamers, 

Kc.^r..ors  — HI.    Erik  Oberg.    Mach — Oct, 

C:      -i  fc<^.      :::00  w.     40c 

Screw  i^ttinc. 

0,::,.r.c  .'»  O-'':!^  Pitch  Screw  in  the 
■Iji^r.i'      \vr..    V    Ix^we,    Am  Mach — Oct.  24, 

. :     ;  f.c<     :: ':  w.    ro  c 

SorrxT  Machine**. 

>-.w.i>  s:\c.  rt>t>ds  for  Screw  Machine 
^^^^Tk  O  *.-  i^.x-^crich  and  F.  A.  Stanley. 
An.   V..*cr.     <X-;    \v.   I'T.     220e  w,     20c 
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ta^~Iu  triaDRuUi   ahape   prevonti    «nuo|[ling 
sad  itivea  ibree  llmaa  ihe  capacttf  of  any  olher 
Clip  tor  altachinn  papars  lofelher. 
finf  oKd  Chtafrtl.      ,lli  SLilionrrs. 
t  SiHl.  Smd   10c.  for    Box  of   100. 


r  Clipper  Manufacturing  Company 

403  West  124th  Street,  New  York,  U.  S.  A.   The  MOGUL  CUf.  »■  • 


TO  BOOK  BUYERS 


WE  have  just  issued  a  new  iia-pagf  catalogue  of  re- 
cently published  Scientific  an<l  Mechanical   Hooks, 
which    we  will  mail  free  to  any  address  on  application. 

MUNN  &  COMPANY 

rtMiiirrt  of  SC/EXTIF/C  A.Utih/CJX 
353  BROADWAY  NEW  YORK 


A  Serial  Sequel  to 
Gillette's 


Cost  Data" 


TboM  of  the  10,000  purchasers  of  Gillette's  "Hand  Book  of  Cost  Data" 
>  have  not  already  subscribed  for  " EHginferinx-ConlracliHg"  will  do  well  to 
lend  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 
Engiiftering-C»titrMtinx  "  realty  form  a  serial  sequel  lo  Gillette's  "  Cost  Data." 
*~  :  who  have  not  already  purchased  Gillette's  "Cost  Data"  (600  paees  of 
^^  Its  for  $4)  will  also  do  well  to  send  for  sample  copies  of  "  Ungiitetriiig- 
'CoHlraeting,"  for  they  will  team  what  Gillette's  "Cost  Data  "  is  like.  Mr.  (>illette 
^naa  recently  completed  his  appraiiial  of  all  the  railways  in  the  State  of  Washineinn 
— properly  wonh  a  quarter  of  a  billion  dollars — and  now.  as  manaeing  editor  of 
"  £n^iufring-Conlratting,"  he  is  writing  a  series  of  aniclcji  covering  Ihe  cost  of 
crery  item  o(  railway  constniction.  Mr.  Daniel  J.  Hauer,  as  editor  of  the  Earth 
^and  Rock  Section  of  "  Enj!inferi»£'Conlmtlinx,"  is  eiving  new  and  valuable 
latter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
t  be  iudired  by  sample  copies,  which  we  will  gladly  send.  Since  "  Ent;ineering 
Rforld'  was  purchased  and  ab«orl»ed  by  "  /ii^tiferinx-Cimtrattimi,"  il»e  tubscrip- 
rate  has  been  %i  a  year  (52  issues),  but  for  the  next  few  weeks  a  year's 
ription  may  be  had  for$i :  Canadian  subscription.  $2.    Send  for  sample  copies, 

ENGINEERING-CONTRACTING 

353  Dearborn  Street,   Chicago,   III. 
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The  Camming  of  Automatic  Screw  Ma- 
chtiies. — II.  C.  L.  Goodrich  and  F.  A.  Stan- 
ley. Am  Mach — Oct.  3,  07.  2  figs.  4800 
W.  20c.  Shows  how  the  changeable  pulleys 
and  geurH  affect  the  tool  feeds  and  the  two- 
Hpood  spindle  drive  modifies  the  cam  angles. 

8ol(lorin|{. 

ISxporlmonts  on  Soldering.  El  Rev 
(Lond) — Oct.  4,  07.  2  figs.  3800  w.  Oct. 
1 L.     4C00  w.     Each,  40c. 

Tool  Iiispertlon. 

Inspecting  Tools  With  the  Test  Indicator. 
J.  11.  Houlot.  Am  Mach — Oct.  17,  07.  11 
figs.  2700  w.  20c.  Describes  the  utiliza- 
tion of  the  Universal  Indicator  in  the  tool- 
making  department  for  the  inspection  of 
various  classes  of  work. 

SHOro  AND  BUILDINGS. 

Inter-Shop  Accounting. 

Accounting  Relations  of  the  Foundry  and 
Pattern  Shop.  R.  W.  McDowell.  Castings — 
Oct.  07.  4  tigs.  2600  w.  20c.  Describes 
the  intordopendence  of  the  items  that  make 
up  equipment,  material  in  process  of  manu- 
facture, depreciation,  charges  and  credits. 

Shop  Klllclency. 

Shop  Eflloiency.  H.  W.  Jacobs.  Am  Engr 
ft  Rd  Jl— Oct..  07.  7  figs.  2300  w.  40c. 
Di»cu«isos  eflloiency  records  of  individual 
work  num.  gangs  and  shop  forces. 

Tr«degiir  l*liu[it. 

A  Historic  Iron  Works.  Qeo.  D.  Morgan. 
Ir  Ag«^ --Oi*t,  17,  07.  3  figs.  2400  w.  20a 
DMicribes  the  Tredegar  Company's  plant, 
Hichmond,  Va. 

STR\M  1H>WKR  PIiANTS. 

AlttttttV:   KITeirt  on  Knglne  roww  and  Econ- 
C4ny. 

How    Does   Altitude   Affect   Steam-Bngine 
I\>wor   and   KinmomyT      Otto    H.    Mueller.  , 
lV^o^     Nov..  07,      I   tig,     S>00  w,      40o, 

HiUK'r  lu!4|MVtioii  Kule«« 

Kulos  for  Uv>rior  InsjHVtlou.  Holler  Maker 
-  No\  .  07.  SlOO  w.  :riV.  Oh>**  rule?? 
toriuwUt^sl  bv  the  MiisaWK-husoit*  lU>ard  of 
H\>i  let  I  us  I Hv  I  lou . 

Ne\i  Mt*:^^sl  of  Kffvvtiujt  l»vMtt>r  KoivAlrs, 
H*rr\    KuvK'KtViio     Mdur  K:ii:r  jc   Nay   Arvh 

i*f    •  s .»    v*««  i."  •  •» .•^•*"*  '•  »•     <•'  *    \l  i  *^  •  ••  p**"\     V*\*' **^i*- 
.•%*   .  K  .,    '..-r. ......    »v    \i  * .,   *»?"i*.»*»vrs^   5><*V^. 

*.,v«.-     .^  J.h;  -.v  /•.  v>v.v.v<w  aud  of  any 

v.'v/ .V  X .    V   *■  '/  v*;o>.".v  A>-.*^^  that  In  tbe 


Circulation  of  Water  in  Boiler  Tubes. 

Circulation  of  Water  and  Heat  Transmis- 
sion Through  Boiler  Tubes.  L.  P.  Brecken- 
ridge.  Engr — Oct.  15,  07.  4  figs.  2700  w. 
20c. 

Cost  of  Power. 

The  Cost  of  Power  as  a  Fixed  Charge.  'L. 
C.  Read.*  Can  Engr — Oct.  4,  07.  3700  w. 
Paper  read  at  the  Canadian  Manufacturers' 
Assn.  at  Toronto,  Sept.  26,  07. 

Engine  Foundations. 

Engine  Foundations.  Prac  Engr — Sept 
27,  07.  8  figs.  2100  w.  Oct.  11.  3  figs. 
2200  w.     Each,  40c. 

Feed  Pump. 

Feed-Up  Pump  for  Use  with  Superheated 
Steam;  Olympia  Exhibition.  Engg — Sept. 
27,  07.     3  figs.     700  w.     40c. 

Fuels  and  Steam  Production. 

Coalite.  S.  W.  Parr.  Engg  &  Min  Jl— 
Oct.  19,  07.     1600  w.     20c, 

Some  Experiments  to  Determine  the 
Amount  of  Volatile  Matter  in  Coal.  A.  Be- 
ment.  Chem  Engr — Sept.,  07.  1  fig.  3000 
w.     40c. 

Steam  Production  From  the  Cheaper 
Grades  of  Anthracite.  W.  D.  Bnnis.  Eng 
Mag — Nov..  07.  5200  w.  40c  Discusses 
the  mechanical  problems  of  air  supply, 
grate  and  heating  surfaces,  stoking,  draft, 
etc..  which  affect  their  economical  use  In 
the  boiler  furnaces. 

Technical  Aspects  of  Oil  as  Fuel. — II.  F. 
E.  Junge.  Power — Nov.,  07.  16  figs.  5400 
w.     40c. 

The  rtiliJtation  of  Peat  for  Power  Pur- 
poses with  the  Recuperation  of  Byproducts. 
Electrochem  &  Met  Ind — Oct,  07.  3000  w. 
40c.  Based  on  German  practice  as  described 
by  Prof.  A.  Frank. 

Ittdimtors. 

The  Indicator.  Its  Election,  Application 
and  Tses.  Hubert  E.  Collins.  Cld  Str  &  Ice 
Tr  JI — Oct..  07.     16  figs.     3300  w.    20c. 

Vse  of  the  Hatchet  Planimeter.  R.  T. 
Strohcu.  Prao  Engr — Oct..  07.  2  figs.  2500 
w.  ^Oo.  Gives  instructions  for  making  an 
ius;rv.:v.t*r.:  for  finding  the  M.  E.  P.  of  indi- 
ct: or  cards. 

Im^rfU  lYvsd^ur^  and  Engine  Speed. 

*."ot:i.\  ^^i'ssure  as  a  Rational  Measure 
.*■;  ?:v.i:ut'  Si'nrv^i  Sanford  A.  Moss.  Sibley 
;  o:  Kviv:  O-.",..  •>:.  3500  w.  40c.  — I. 
:v.<*r:.A   vrissi\:r^'   jls  a  factor  in  engine  oc- 

- -  ^»  .  .     N-^  < 

:V\\;*  -  **.:  o^  :i.^  G'llfport  and  Missis- 
>vv  v'.\<>  •>-.;::v'.:  Co.  Earl  F.  Scott.  Eng 
K^^,      Oi.      '       .•      Z  Igs.     ;S00  w.     20c. 

V**:*  Vj- V  K.'  i".  G-ez-erA^ing  Station  of  the 
Opvji:  v.  .>;.>-.•  Kiilwdo-.  London.  El  Wld — 
VXc.   *.:#.    *V     '  -i^     3*0*  w.     20€. 
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Power  I^ant  Constmction. 

Modern  Power  Station  and  Electrical 
ConHtructlon.  W.  A.  Haller.  Jl  of  Assoc 
Bngg  Socs — Sept.,  07.  7  figs.  7100  w. 
40c.  Paper  read  before  the  Louisiana  Engi- 
neering Society  at  its  meeting.  May  13. 

Steam  Turbines. 

Curtis  Turbines  in  Railway  Service.  Aug- 
UHt  H.  Kruesl.  St  Ry  Jl — Oct.  10,  07.  3 
figs.  1600  w.  20c.  Paper  presented  at 
the  Atlantic  City  Convention  of  the  Am. 
Street  &  Interurban  R.  E.  Assn. 

Economy  Tests  of  a  7,500-KW.  Westing- 
house-I'arsons  Steam  Turbine.  J.  R.  Bib- 
bins.  Eng  News — Oct.  10,  07.  1  fig.  2100 
w.    20c. 

Modern  European  and  American  Steam 
Turbines.  Jl  of  El  Power  &  Gas — Oct.  26, 
07.     2  figs.      2500  w.     20c. 

Kotos  on  the  Use  of  how-Pressure  Steam 
in  Connection  with  Engine  Exhaust.  J.  R. 
Hlbbins.  El  Jl— Oct.,  07.  1  fig.  1000  w. 
20c. 

rnrsons  Typo  Steam  Turbines.  Charles  H. 
Naylor.  Engr  (Lond) — Oct.  4,  07.  8  figs. 
4200  w.  40c.  Discusses  the  flow  of  steam 
through  the  bladod  part  of  the  turbine,  with 
rosptH't  to  areas,  angles  and  forms  of  blades. 

l*ractlcttl  Exporienoo  With  Exhaust-Steam 
Turbines.  A.  Gradonwiti.  Eng  News — Nov., 
07.  14  figs.  5700  w.  40c.  Shows  the 
tvonomios  which  may  bo  effected  by  the  In- 
st iiUat  ion  of  low-prt»ssure  turbines  for  the 
utilixHtion  of  exhaust  steam. 

Kooent  IVvolopments  in  Steam  Turbine 
Power  Station  Work,  with  8i>ecial  Refer- 
oniH*  10  The  Fort  Wayne  &  Wabash  Valley 


Traction  Company  Spy  Run  Station.  J.  R. 
Bibbins.  St  Ry  Jl — Oct.  19,  07.  12  figs. 
6300  w.  20c.  Paper  presented  at  the  At- 
lantic City  Convention  of  the  Am.  Street  ft 
Interurban  R.  E.  Assn. 

Some  Practical  Points  in  Steam  Turbine 
Construction;  With  Particular  Reference  to 
the  Parsons  Type.  St.  John  Chilton.  St 
Ry  Jl — Oct.  19,  07.  6  figs.  4500  w.  20c 
Paper  presented  at  the  Atlantic  City  Con- 
vention of  the  Am.  Street  &  Interurban  R. 
E.  Assn. 

Temperature-Entropy  Diagram. 

The  Transformation  of  Heat  Into  Work. 
Sidney  A.  Reeve.  Power — ^Nov.,  07.  8  figs. 
5600  w.  40c.  A  simple  introduction  to 
the  temperature-entropy  diagram  in  which 
the  conversion  of  various  forms  of  energy 
are  graphically  described. 

Valve  Gears. 

Recke-Ruston  Positive  Valve-Gear.  Engg 
— Sept.  27,  07.  10  figs.  500  w.  40c.  De- 
scribes a  mechanism  which  opens  and  closes 
the  valves  without  shocks  and  in  which 
backlash  is  avoided. 

The  Marshall  Valve  Gear.  Bngg  Times — 
Oct.  17,  07.  2  figs.  500  w.  40c.  De- 
scribes a  simplified  slide-valve  gear,  giving 
a  steam  distribution  similar  to  that  of  a 
Corliss  engine. 

WOODWORKING. 

The  Grinding  of  Wood-Working  Tools.  C. 
C.  Bosworth.  Wood  Craft — Oct.,  07.  4  figs. 
4000  w.  20c.  Describes  the  grindstone  and 
other  abrasives,  their  peculiarities  and 
methods  of  efteciively  using  them. 


METALLURGY 


ix>i*rKR. 

KkKin^lylic  IVtomilnation. 

Short  KltH*tn>lytlo  Copper  Determination. 
lVr«itor  G.  SplUsbury.  Engg  A  Min  Jl — 
iVt,  2t5    07.     2  npj.     1400  w.     20c, 

RolKnil  SlwvC  C\H>nor. 

The  KoUtng  of  Shoot  OopiH^r.  Met  Wkr — 
Oct.  ^.  OT.  ?f>00  w.  2iK\  IVsi^rlbos  the 
ty|H^  of  rolling  mills  us^^d  and  iho  gx^noral 
methods  of  the  oi^pivr  n'^Utui:  iH>uu^ni*^*  iu 
I  ho  m;iaufAoturo  of  shoot  o^nnvr, 

MotaUwrsicA^  O a loii'. Ativans.  ,1.  W.  Rich* 
atNis  KUvtrvvhom  *  Mot  Ind  -vVt..  OT. 
tv.OOO  m.  4  0o,  Tho  KUvtiv^niotaUursy  of 
Oom^^r  K\v:r\'**y:i^'  Pnxvssos:  gixos  prob- 
loiv.s. 

No: OS   on   v^o>^;vr       ,V.    Hr.r.iN^;^;    ^^\:v>n. 

tvV       \*.r.       \Uv*oTn    V.o;>.vv*s     of     Oorr^^r 
Sr.'.o*i-.*.VC     K;:v.*.v.v.!k  for  Ko^v.V.:s. 

S:vc*:;r.<  W  ovV5  of  :>,o  Cor.yoV,»Uto4  M:n- 
Iv.c   .V    :^'.v;*..r.«  i\-*.v;NAr.>    of  v'AV^j(*la,   l.t4., 

,V;      ^V,     ',     0"       A   f.ir^      i^TOO  w.     4t^. 


GENERAL  METALLURGY. 

Electro-Metalliirg}'. 

Applied  Electro-Metallurgn^  Up  to  the  End 
of  1906.  J.  B.  C.  Kershaw.  Eng  Mag — 
Nov..  07.  16  figs.  5700  w.  20c.  Deals 
with  the  electro-metallurgy  of  the  ferro- 
alloys, iron  and  steel,  lead,  nickel,  siloxicon, 
silicon,  sodium,  tin  and  line 

Production  of  Phosphoms  in  the  Elec- 
tric Furnace.  Electrochem  it  Met  Ind — 
Oct..  07.  2300  V.  40c.  Extracts  from 
a  recent  publication  of  the  U.  S.  CSeological 
Survey. 

Pyix^tneCry. 

Optical  Pyrometrr.  Engs — Oct.  18,  07. 
T  fiirs.  tSOO  w.  40c.  Paper  reftd  before 
S(Vt;on  .\  of  :he  British  Assodjitioii  at  Lei- 
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Concentration. 

Concentration  Upside  Down.  Walter  R. 
InKallB.  Bngg  &  Min  Jl— Oct.  26.  07.  6 
ItgH.  6700  w.  20c.  Describes  a  new  pro- 
cess of  ore  separation  in  which  sulphide 
minerals  are  subtained  by  the  surface  ten- 
sion of  the  water,  while  rock  constituents 
are  affected  by  it  negatively  and  sink. 

Cyaniding. 

Decent  Advances  in  Cyanldation  in  Mex- 
ico.    J.  Leslie  Mennell.     Min  Wld — Oct.  11, 

07.  3800   w.      20c. 

The  Cyanide  Process  at  the  Portland 
(Colo.)  Mill.  Min  Rep— Oct.  24,  07.  2800 
w.     20c. 

Ltthargc  In  Silver  As^ay. 

Effect  of  High  Litharge  in  Crucible  Assay 
for  Silver.  Richard  W.  Lodge.  Min  Rep — 
Oct.  17,  07.  1900  w.  20c.  Paper  read  at 
the  Toronto  meeting  of  the  A.  1.  M.  B„  July, 
1907. 

MIlliniK. 

Milling   Practice  at  the   Granadena   Mill. 

8.  F.  Shttw^JBng  &  Min  Jl— Oct.  5,  07.     2 
figs.      1700  w.     20c. 

Stamp  Mill  Records.  B.  Percy  Brown. 
Can  Min  Jl— Oct.  1.  07,     900  w.     40c. 

Tails  and  Sludge  Milling.  W.  D.  Glenn, 
Mines  &  Min — Nov.,  07.  1  flg.  1200  w. 
40c.  D>>scrlbes  a  new  method  of  treatment, 
equlrment  and  pulp  flow;  used  In  the  Old 
Jude  Mine,  Orowogo,  Mo. 

The  IVsert  Mill.  A.  B.  Parsons.  Min  & 
S<»  Pr— Oct.  19,  07.  6  tigs.  5900  w.  20c, 
Des<.rlbea  a  100-«*tftmp  mill  and  power  plant 
at  Millers,  Nevada. 

The  Milling  Practice  at  Kl  Oro  Mine,  Mex- 
ico. K,  Burt.  Min  Wld— Oct.  26,  07.  4 
flg*.      1500  w.     20o. 

Ore  Treatment. 

Notes  ott  Waihi  Ore  Treatment.  Ralph 
Stokes.  Min  Jl— ^^pt.  2$,  07.  6  flg».  2700 
w.  40o,  Pj\i>t^r  road  bofort^  the  OhemicaL 
Metallurgical  &  Mining  Sivioty  of  S^>uth 
Africa. 

SItmes,  Tivatmcnt  of, 

Keot^nt  lmpri>Aomont.<  in  the  Art  of 
Slimes  Tn^atr.uM^i.  l\  J  Ko:!).  Min  Jl — 
Oct,  ^.  OT.  4000  n.  4  0o.  raiH-r  Tx"»ad 
N^loro  :ho  Tt.'^h  Siv:umi  of  :V.o  WosTovn  As* 
siviAr.*";"i  o{  l\vhv.Urii  Ohom:s:s  a;id  Mot.^*.- 
l.;j:'.s;s 

IUO\    \\P  STK.KU 

Ki'^. ; ;.  •>  s        :'■    .  .       >i"  :"■-      ;  '  .    .  *.      .  :^ .  '    "«^ 

4i",  ,.      '«.         -.•>.         «..■«       «■>        »     ♦.»     .»,.*!     w*»tT, 

v:  /  ;-  1-,        V      v,»v.-A*v  A'^en.     Ir  Tt 

I  ; , ,       ;..;,•! .  ov.   4>;   \\  a^t■♦ 


The  Determination  of  the  Total  Quantity 
of  B last-Furnace  Gas  for  a  Given  Make  'and 
Itp  Calorific  Value.  Prof.  Joseph  Von  Eh- 
renwerth.  Ir  &  CI  Tr  Rev — Sept.  27,  07. 
1800  w.  40c.  Paper  read  at  the  Vienna 
meeting  of  the  Iron  &  Steel  Inst.  Sept.  23- 
24. 

The  Economic  Distribution  of  Electric 
Power  from  Blast  FHirnaces.  B.  H.  Thwaite. 
Ir  &  CI  Tr  Rev — Sept.  27,  07.  1  flg.  3700 
w.  40c.  Paper  read  at  the  Vienna  meet- 
ing of  the  Iron  &  Steel  Inst,  Sept.  23-24. 

Zinc  in  the  Blast  Furnace.  John  J.  Por- 
ter Ir  Age — Oct.  24,  07.  3000  w.  20c. 
Read  at  the  Toronto  meeting,  July,  1907, 
of  the  American  Institute  of  Mining  Engi- 
neers. 

lilow-Holes  in  Iim^ts^ 

Blow-Hohs  in  Steel  Ingots.  E.  Von  Mal- 
titz.  Trans  Am  Inst  of  Min  Engrs — 
Sept..  07.  10,200  w.  $2.00.  Paper  read 
at  the  Toronto  meeting,  July,  07. 

Crude  Oil  in  Converters. 

Use  of  Crude  Oil  in  Converters.  W.  B. 
Rountree  Eng  &  Min  Jl — Oct.  5,  07.  1 
flg.     200  w.     20c. 

Iron  and  Steel  Works. 

A  By-product  Charcoal  Iron  Plant  at  Mar- 
Qvette.  Mien.  Eng  Rec — Oct.  12,  07.  1 
fig.     3600  w.     20c. 

Krupp  Steel  Works  at  Rheinhausen.  Stahl 
u  Eisen — Oct.  19,  07.  63  figs  and  plates. 
7200  w.     60  c. 

The  Krupp  Works  in  Germany.  J.  B.  Van 
Brussel.  Ir  Tr  Rev — Oct.  3,  07.  20  figs. 
6000  w.  20c.  Describes  the  various  plants, 
comprising  blast  furnaces,  steel  mills,  gun 
and  armor  plate  shops. 

McCiilluriQr  ami  PhTslcal  Cbemlsdr* 

Application  of  the  Laws  of  Physical 
Chemistry  iu  the  Metallurgy  of  Iron.  Baron 
H.  Von  Jupmer.  Ir  St  CI  Tr  Rev — Sept 
27.  07.  «  flgs.  10,200  w.  40c.  Paper 
read  at  the  Vienna  meeting  of  the  Iron  ft 
Steel  Inst,,  Sept,  23-24. 

Puddling, 

Veohan^c.?!  Puddling:  The  Banks  Revolv- 
ing Puddling  Furnace.  Ir  Age — Oct.  17,  01. 
t^x'i^  V.  10c.  Commnnication  reviewing 
t^r  V.;<:or^-  of  mechanical  puddling,  from 
M:.  J    O.  Danks, 

Sitvl   ind  M«^eoric  Iron. 

S:tv:  jir.^  Meteoric  Iron.  Prof.  F.  Ber- 
^tr.r.  :-  jt  CI  Tr  Rev — Sept.  27.  07.  3 
f.cs  ;^::  -a.  40c,  Paper  read  at  ihe 
v-t-rr*   *..-::: r.c   of  tte   Iron  ft  Steel   Inst 

Tnniott^  in  Sfort. 

T^o  l'V;<Tir*-ri:ion  of  Tangnen  in  Steel 
m  lb*  Pr«<nce  of  Chromium.  F.  Wlllf 
UtafMiwn.      $iahl    n    Cisea — Oct.    2,    07. 


So6 


TECHNICAL   LITERATURE 


zmo. 

Aasaj  of  Zinc. 

Assay  of  Zinc.  Evans  W.  Buskett.  Mines 
&  Min — ^Nov..  07.  200  w.  40c.  Describes 
the  standard  solution;  reactions,  sources  of 
error  and  metbods  oi  guarding  against 
them. 

Ore  Treatment. 

Process  or  Treatment  of  Complex  Zinc- 
iferous Ores.  Mr.  Bechi  and  R.  W.  Bucker. 
Miu  Ji — Oct.  IS,  07.  1700  w.  40c.  From 
the  "R6vue  Chiiiiique,"  October,  1907. 


Smelting. 

Electric  Zluc  Smelting.  Min  Rep — Oct 
24,  07.  1800  w.  20c.  Trans.  Tri-State 
Mining  Assn.  Paper  read  at  Mineral  Poinc, 
Wis.,  meeting,  j5ept.,  07. 

Physical  Factors  in  the  Metallurgical  Re- 
duction of  Zinc  Oxide.  Woolsey  McA.  John- 
son. Trans  Am  Inst  Min  Engrs — Sept.,  07. 
3000  w.  12.00.  Paper  reaa  at  the  Toronto 
meeting,  Juiy,  07. 
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Asbestos. 

The  Asbestos  Industry  of  Quebec. — I. 
Ralph  Stokes.  Min  Wld — Oct.  19,  07.  4 
figs.     3700  w.     20c. 

Coal  and  Ck>ke. 

Binding  Materials  for  Briquette  Making. 
Bngg — Oct.   11,  07.     1400  w.     40c. 

Coal  Briquetting  in  the  United  States. 
Edward  W.  Parker.  Can  Min  Jl — Oct.  1, 
C7.  10  figs.  6100  w.  Oct.  15.  5400  w. 
Each,  40c.  Paper  read  at  the  Toronto  meet- 
ing, July,  1907,  and  from  material  collected 
for  the  U.  S.  Geological  Survey  Bulletin, 
1906. 

Construction  of  Tracks  in  Coal  Mines. 
M.  S.  Hachita.  Eng  &  Min  Jl — Oct.  5,  07. 
9  figs.  2200  w.  20c.  Describes  methods 
of  laying  tracks  for  haulage  roads,  the  lay- 
ing-out of  frogs,  switches,  etc. 

Inflammability  of  Coal  Dust.  Dr.  P.  Phil- 
lips and  Henry  Widdas.  Ir  &  CI  Tr  Rev — 
Oct.  18,  07.  1  fig.  4400  w.  40c.  Paper 
read  at  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers. 

Mechanical  Conveyors  as  Applied  to  Long- 
wall  Mining.  J.  I.  Thomas.  Mines  &  Min 
— ^Nov.,  07.     5  figs.     5200  w.     40c. 

Orient  Coke  Co.'s  Plant.  Mines  &  Min — 
Nov.,  07.  2  figs.  1400  w.  40c.  Describes 
the  coke  oven,  hoisting  and  haulage  ma- 
chinery, mine  and  methods  of.  working,  of 
a  plant  near  New  Salem,  Pa. 

The  Dover  Coalfield  in  England.  Edward 
Walker.  Eng  &  Min  Jl — Oct.  12,  07.  8 
figs.  2700  w.  20c.  Describes  a  new  coal- 
field in  the  southeastern  part  of  England. 

Copper. 

Copper  Deposits  in  the  Belt  Formation  in 
Montana.  M.  Collen.  Econ  Geol — Sept.- 
Oct,  07.     1500  w.     11.00. 

Electrical  Equipment  at  the  Mansfeld 
Copper  Mines.  H.  R.  Speyer.  El  Engg — 
Oct.  17,  07.  5  figs.  2200  w.  40c.  Con- 
tinued. 

Operations   and     Tendencies    of    Modern 
Mansfeld.    P.  A.  Wagner  and  J.  S.  G.  Prim- 
rose.    Eng  &  Min  Jl — Oct.  12,  07.     8  figs. 
5700  w     20c. 


The  Copper  Mines  of  Ely,  Nevada.  Wal- 
ter R.  Ingalls.  Eng  &  Min  Jl — Oct.  12,  07. 
7  figs.  S200  w.  20c.  Describes  four  mines 
having  a  capacity  for  producing  60,000,000 
lbs.  per  annum. 

The  Greene  Mining  Interests  in  Mexico. 
Reynolds  Coleman.  Min  Wld — Oct.  26,  07. 
4  figs.     3200  w.     20c. 

The  Ore  Deposits  of  Copperopolis,  Cal.— 
III.  John  A.  Reid.  Min  Wld — Oct.  12,  07. 
2400  w.     20c. 

The  Productive  and  Earning  Capacity  of 
Ely,  Nevada.  Walter  Ingalls.  Engg  &,  Min 
Jl — Oct.  19,  07.     5  figs.     4700  w.     20c 

Drainage  of  Mines. 

Draining  the  Panther  Creek  Basin.  H. 
H.  Stock.  Mines  &  Min — ^Nov.,  07.  4  figs. 
3700  w.  40c.  Gives  description  of  tunnel 
14  miles  long  for  draining  the  mines  of  the 
Lehigh  Coal  &  Navigation  Co. 

Electrically-Driven  Pumping  Plant  at  the 
Lfindal  Moor  Mines.  El  Bngr  (Lend) — 
Oct.  18,  07.     15  figs.     4600  w.     40c. 

Unwatering  by  Means  of  an  Inclined  Skip. 
Douglas  Muir.  Bngg  &  Min  Jl — Oct.  19, 
07.     2  figs.     1000  w.     20c. 

Unwatering  Plant  for  the  Llndal  Moor 
Mines.  Engg — Oct.  11«  07.  3  figs.  3100 
w.     40c. 

Explosives. 

Testing  Plant  of  the  Technologic  Division 
of  the  United  States  Geological  Survey  for 
Testing  Explosives,  Safety  Lamps  and 
Gases.  Mines  &  Min — ^Nov.,  07.  4  figs. 
2900  w.     40c. 

Gold. 

Genesis  of  the  Ore  of  Leadville,  Colorado. 
S.  F.  Emmons.    Min  &  Sc  Pr — Sept.  28,  07. 
6900  w.      20c. 

The  Combination  Mine.  Bdg^ar  A.  Col- 
lins. Min  &  Sc  Press — Sept.  28,  07.  2  figs. 
2700  w.  Oct.  5.  3  figs.  3600  w.  Each,  20c. 
Gives  detailed  information  concerning  a 
mine  in  the  Goldfield  district,  Nevada. 

The  Great  Treadwell  Mines  on  Douglas 
Island. — III.  Arthur  Coe  Spencer.  Min  Wld 
— Oct.  5,  07.  2  figs.  2600  w.  Oct.  12.  3 
figs.  3600  w.  Each,  20c.  Extract  from  re- 
port on  the  Juneau  Gold  Belt,  Alaska.  Is- 
sued by  the  U.  S.  Geol.  Survey,  1906. 
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Iron. 

Developments  of  the  Menominee  Range. 
Ir  Tr  Rev — Oct.  17,  07.  4  figs.  300  w. 
20c. 

The  Erzberg  of  Eisenerz.  H.  Bauerman. 
Engg — Sept.  27,  07.  1  fig.  3900  w.  40c. 
Describes  the  Krzberg  or  Ore  Mountain  of 
Eisenerz,  which  is  the  largest  of  a  series  of 
mineral  deposits  associated  with  the  Palae- 
ozoic rocks  of  the  Eastern  Alps. 

The  Magnetite  Mines  of  the  Mineral 
Range  Iron  Mining  Company,  Limited,  at 
Bessemer,  Hastings  County,  Ontario.  Can 
Min  Jl — Oct.  15,  07.     10  figs.     1700  w.    20c. 

Mexico. 

Characteristics  of  Some  Mexican  Mining 
Regions.  Robert  T.  Hill.  Eng  &  Min  Jl — 
Oct.  5,  07.  8  figs.  4200  w.  20c.  Dis- 
cusses the  relationship  between  geographic 
features  and  economic  resources  in  Chihua- 
hua, Sonora  and  Western  Sierra  Madre. 

Mexico:  Its  Geology  and  Natural  Re- 
sources. Robert  Thomas  Hill.  Min  Wld — 
Oct.  26,  07.      10  figs.     4900  w.     20c. 

Mining  Chemistry. 

Analytical  Factors  and  Their  Logarithms. 
Lester  C.  Hawk.  Chem  Engr — Sept.,  07. 
3C00  w.  40c.  Gives  six  pages  of  tables 
calculated  from  the  international  atomic 
weights  for  1907. 

Precipitation  of  Copper  From  Chloride 
Solution  by  Means  of  Ferrous  Chloride. 
Gustave  Fernekes.  Econ  Geol — Sept.-Oct., 
07.     2000  w.     $1.00. 

The  Interactions  Between  Minerals  and 
Water  Solutions.  Eugene  C.  Sullivan.  Min 
Jl — Sept.  28,  07.  4300  w.  Oct.  5.  3700  w. 
Oct.  19.  2000  w.  Each,  40c.  Discusses 
the  subject  with  special  reference  to  geo- 
logic phenomena. 

Joining  Code  for  Em:>loyee8. 

Rules  for  the  Guidance  of  Employees  Un- 
derground. R.  Chester  Turner.  Min  &  Sc 
Pr — Oct.  19,  07.  1300  w.  20c.  Gives  code 
of  rules  in  force  at  the  Standard  Mine  at 
Bodie,  Cal. 

Nickel. 

The  Sudbury  Nickel-Copper  Field,  On- 
tario.— II.  Ralph  Stokes.  Min  Wld— Oct. 
5,  07.      -k  figs.      4300  w.      20c. 

OU  Wells. 

Oil  Field  on  Buffalo  Creek.  Frank  W. 
Bradv.  Mines  &  Min — Nov.,  07.  6  figs. 
3700  w.  40c.  Discusses  location  of  wells, 
production  and  method  of  shooting  wells 
and  transporting  nltro-glycerine. 

Radium. 

A  New  Mineral  Industry.  The  Manufac- 
ture of  Radium.  Jacques  Boyer.  Eng  Mag 
—Nov.,  07.     S  fi?:s.     ;V20o  w.     40c. 


Sakhalin. 

The  Mineral  Resources  of  the  Island  of 
Sakhalin.  Min  Jl — Sept.  28,  07.  4  figs. 
4500  w.     40c. 

Rocky  Mountains. 

Certain  Features  of  the  Rocky  Mountain 
Region. — I.  Horace  F.  Evans.  Min  Wld— 
Oct.  19,  07.     1900  w.     20c. 

Shaft  Sdnkinif. 

Care  of  the  Plant  in  Sinking  by  Refrig- 
eration. Sydney  F.  Walker.  Engg  &  Min 
Jl — Oct.  26,  07.  3800  w.  20c.  Discusses 
causes  of  interruptions  in  the  operation  of 
the  system  and  methods  for  preventing  and 
correcting  them. 

Shaft  Sinking  by  the  Freezing  Process. 
Sydney  F.  Walker.  Eng  &  Min  Jl — Oct.  12, 
07.  4  figs.  5500  w.  20c.  Describes  the 
vertical  pipe  method  used  at  two  collieries 
in  England  and  a  new  ring  process  employed 
in  Germany. 

The  Strength  of  Cast  Iron  Tubing  for 
Deep  Shafts.  Dr.  John  Morrow.  Ir  &  CI 
Tr  Rev — Oct.  18,  07.  1300  w.  40c.  Paper 
read  at  the  North  of  England  Institute  for 
Mining  and  Mechanical  Engineers. 

Signaling  in  Mines. 

Electric  Signal  System  for  Mines.  Carl 
L.  C.  Fichtel.  Engg  &  Min  Jl — Oct.  26,  07. 
2  figs.     1500  w.     20c. 

Silver. 

Mines  of  the  Taviche  District,  Oaxaca, 
Mexico.  A.  E.  Place  and  H.  L.  Elton.  Eng 
&  Min  Jl— Oct.  5,  07.     1400  w.     20c. 

Tin. 

Tin  Mining  in  Siam.  K.  Van  Dort.  Engg 
&  Min  Jl — Oct.  19,  07.  4  figs.  ^800  w. 
20c. 

Transporting  Machinery. 

Transport  of  Machinery  in  Mountainous 
Countries.  H.  H.  Kress.  Min  &  Sc  Pr — 
Oct.  12,  07.     3  figs.     1000  w.     20c. 

Zinc. 

Handling  **Sheet  Ground."  J.  H.  Pol- 
hemus.  Mines  &  Min — Nov.,  07.  6  figs. 
3200  w.  40c.  Describes  mining  and  mill- 
ing practiced  by  the  American  Zinc.  Lead 
and  Smelting  Co.  in  the  Joplin  district. 

The  Joplin  Zinc  District.  R.  L.  Herrick. 
Mines  &  Min — Nov.,  07.  15  figs.  16,700 
w.  40c.  Gives  a  general  description  of 
the  mining  and  milling  methods  in  use  in 
these  regions. 

The  Yellow  Dog  (Zinc-Lead)  Mine  and 
Mill.  R.  L.  Herrick.  Mines  &  Min — Nov., 
07.  6  tigs.  3200  w.  40c.  A  general  de- 
si'ription  of  methods  of  mining  sheet  ground 
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TECHNICAL   LITERATURE 


MUNICIPAL  ENGINEERING 


REFUSE  DESTRUCTIOX. 

The  Disposal  of  Municipal  Waste.  W.  F. 
Morae.  Mun  Jl  &  Engr — Oct.  2,  07.  5400 
w.  20c.  Describes  systems  and  methods 
with  special  reference  to  American  condi- 
tions; effect  of  high  temperatures;  composi- 
tion of  American  waste. 

ROADS. 

CrObblestone  Payement. 

Cost  of  Taking  Up  and  Relaying  a  Cobble 
Stone  Pavement.  Engg-Contr — Oct.  2,  07. 
700  w.     20c. 

Bfacadam. 

Granite-Top  Macadam  Pavement  in  St. 
Paul,  Minn.  Eng  Rec — Oct.  19,  07.  1100 
w.     20c. 

Macadam  Road  Costs.  Engg  &  Contr — 
Oct.  16,  07.  700  w.  20.C.  Gives  data  on 
road  building  in  Mass. 

SEWERAGE  AND  SANITATION. 

IMsinfectlon. 

Disinfection  Stations  and  Appliances.  H. 
C.  Qu6r^.  Surv — Oct.  11,  07.  11  figs. 
3700  w.  40c.  Describes  method  of  treat- 
ing articles  of  an  infectious  nature  which 
have  to  be  washed. 

Fatration. 

The  Intermittent  Land  Filtration  of  Sew- 
age. Drs.  Kammann  and  Carnwath.  Surv — 
Sept.  27,  07.  4  figs.  2500  w.  40c.  From 
an  article  in  the  *'Gesundheits-Ingenieur." 

The  Time  of  Passage  of  Liquid  Through 
Percolating  Beds.  William  Clifford.  Bng 
News — Oct.  17,  07.  1500  w.  20a  A  pa- 
per read  at  Manchester,  England,  May  3. 

Hygiene. 

The  International  Congress  for  Hygiene 
and  I>emography.  Eng  News — Oct.  24,  07. 
3  figs.  4500  w.  20c.  Gives  summaries  of 
some  twenty-five  papers  read  at  Berlin, 
Sept.  22d,  07. 

Purification  Plant. 

The  Sewage  Purification  Plant  at  Read- 
ing, Pennsylvania.  Eng  Rec — Oct.  5,  07.  11 
figs.     6500  w.     20c. 

St*  Paul  l^rojcct. 

A  Largo  Sewer  Project  in  St.  Paul,  Minn. 
Eng  Rec — Oct.  5,  07.     2  figs.     3200  w.   20c. 

Sewage  Disposal  Works. 

Sewapo  Disposal  at  Kew  Beach.  C.  H. 
Rust,  Mun  Jl  &  Knjir — Oct.  16,  07.  1600 
w,  20o.  Paper  read  before  American  So- 
ciety of  Municipal  Improvements  describing 
the  soworago  and  disposal  plant  of  a  part  of 
Toronto. 

SeworaK^  of  Buildings. 

A  Now  Zo.'iland  Method  of  Sewage  TTMt- 
mont  for  Isolated  Buildings.   John  Mltrtsli 
Eng  Sows—OcU   31,  07.     4  tw^     t\f^ 
20c. 


Roughing-in  Plumbing  in  Buildings.  Jno. 
K.  Allen.  Dom  Engg — Oct.  26,  07.  1400 
w.     20c.    XI.    Materials  for  House  Drains. 

The  Drainage  of  a  Detached  House.  C. 
F.  Hunter.  Surv — Sept.  27,  07.  1400  w. 
40c. 

The  Sanitary  Sewerage  of  Buildings. 
Thomas  S.  Ainge.  Dom  Engg — Oct.  5,  07. 
1  fig.  2500  w.  Oct.  19.  1  fig.  3400  w. 
Each,  20c. 

Sewer  Building. 

Back-Fililng  Trenches.  George  C.  War- 
ren. Eng  Rec — Oct.  5,  07.  3400  w.  20c. 
Paper  read  before  the  Detroit  convention  of 
the  American  Society  for  Municipal  Im- 
provements. 

Cost  Keeping  on  Sewer  Work.  Keith  0. 
Quthrle.  Engg-Contr — Oct.  23,  07.  500  w. 
20c.  ' 

Typhoid  Outbreak. 

Engineering  Studies  of  a  Typhoid  Out- 
break, at  the  State  Hospital,  Trenton,  N.  J. 
Eng  News — Oct.  3,  07.     7200  w.     20c. 

WATER  SUPPLY, 

Electrolytic  Treatment  of  Water. 

^  Electrolytic  Treatment  of  Water  for  Tech- 
nical Uses.  Min  Rep — Oct  17,  07.  1400 
w.     20c 

Havana  Water  W^orks. 

The  Guanabacoa  (Havana)  Water  Works. 
Chester  E.  Torrance.  Cornell  C.  E. — Oct., 
07.     3200  w.     40c. 

Purification. 

Some  Relations  of  Stream  Pollution  and 
Water  Purification.  Charles  C.  Brown. 
Mun  Engg — Oct.,  07.     2300  w.     40c. 

The  Pittsburg  Filtration  Works.  Eng 
Rec — Oct.  5,  07.     1  fig.     700  w.     20c. 

The  Water  Purification  Plant  of  Harris- 
burg,    Pa.      Mun   Engg — Oct.,    07.      9    figs,  * 
5200  w.      40c.     Describes  the    filters    and 
their  operation. 

Repairing  Water  Main. 

Repairing  Broken  Water  Main.  Engg- 
Cont — Oct.  16.  07.  400  w.  20c.  Describes 
methods  employed. 

Sterilizing  Drinking  Water. 

New  Apparatus  for  the  Sterilliation  of 
Drinking  Water  By  Heat.  Bng  News — Oct 
31.  07.     10  figs.     6300  w.     20c. 

Waste  Water  in  PhUadelpliia. 

Waste- Water  InvestigationB  in  Philadel- 
phia. Eng  Rec — Oct.  5,  07.  2  figs.  3700 
w.  20c.  Gives  results  of  investigatians  re- 
cently carried  out  by  the  Bureau  of  filtra- 
tion, under  Major  Cassias  E.  GUlette. 

W 


Notes  on  Water  MetenS.  M.  Darite.  Rev 
d  M«e— ^pt.,  07.  4S  figs.  25,000  w.  |1.80. 
^n  otm^d  article  dealing  with  deserip- 

*^  «(  several  types  of  disk  meters  and 
^te  \bAnrs  «A.  ^:bA!t  qyiratkHL. 
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Water  Supplies. 

Small  Water  Supplies.  H.  C.  H.  Shenton. 
Pub  WkB — Oct.-Dec,  07.  8  figs.  10,000 
w.  60c.  Discusses  the  obtaining  of  water 
from  various  sources  and  the  geological  side 
of  the  question  of  water  supply. 

The  Outlook  for  Pure  Water  Supplies  in 
New  York  State.  Prof.  Henry  N.  Ogden. 
Corn  C  Bngr — Oct.,  07.     3600  w.     40c. 

Valaation  of  Water  Works  Properties. 

Valuation  of  Water  Works  Properties. 
Chas.  B.  Burdick.  Engg-Contr — Oct.  23, 
07.  5100  w.  20c.  Abstract  of  paper  read 
before  Wisconsin  League  of  Municipalities. 


MISCELLANEOUS. 
Municipal  Motor  Cars. 

Municipal  Cars  for  Municipal  Work.  Mim 
Jl  &  Engr — Oct.  2,  07.  13  figs.  3300  w. 
20c.  Describes  gasolene,  electric  and  steam 
motors  for  fire  apparatus;  street  sprinklers 
and  sweepers;  refuse  wagons;  police  patrol 
and  ambulances;  runabouts  for  street  de- 
partment, etc. 

Municipal  Ownership. 

Municipal  Ownership  of  Public  Utilities. 
John  W.  HilL  Eng  News — Oct.  10,  07. 
4700  w.     20c. 


RAILROAD  ENGINEERING 


CONSTRUCTION. 
Africa. 

The  Amabele-Butterworth  Railway,  South 
Africa.  Eng  Rec — Oct.  5,  07.  3  figs.  1800 
w.     20c. 

The  Otavi  Railway  in  South  Africa;  the 
Longest  24-in.  Qage  Railway  in  the  World. 
Eng  News — Oct.  10,  07.  3  figs.  4300  w. 
20c. 

Australia* 

The  Railways  of  Australia.  P.  Privat 
Deschanel.  04nle  Civil — Sept.  21,  07.  2000 
w.  60c.  Concluding  article,  discussing 
transcontinental  projects. 

Brazil. 

The  Survey  of  the  Madeira  and  Mamor6 
R.  R.  in  Brazil.  Ernest  H.  Liebel.  Eng- 
News — Oct.  24,  07.     2  figs.     8100  w.     20c. 

Earth  SlUlos. 

Earth  Slides.  Eng  Rec — Oct.  6,  07.  1900 
w.  20c.  Notes  by  H.  Rohwer,  contributed 
to  a  recent  bulletin  of  the  Am.  Ry.  Eng.  and 
M.  of  W.  Asso.,  based  on  his  long  experience 
in  railway  work. 

Florida  East  Coast. 

Florida  East  Coast  Railway — Key  West 
Extension.  Howard  Eglestou.  Engg- 
Contr — Got,  2,  07.  4  figs,  1100  w.  Oct. 
16.  3  figs.  24<iO  w.  Each  20c.  Roadbed 
construction   and  temporary   trestle  work. 

Xorthorn  l^aclflc  Ry. 

The  Now  Taooma-Tonino  Line  of  the 
Northern  TaoiiW.  H.  Cole  Kstep.  R  R  Gaz 
— Oct,    n,   07.      1000  w.      lUV\ 
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An  nao.rojis  do'.voroil  before  the  Traf« 
fit    ]x.\vcA.\   c\    :\\c    r.'iinois    Manufacturer*' 
A!iSt\::i::im  at  ChicAfiK^.  Sept,  i7. 


Maintenance  and  Inspection  of  Equipment. 

Report  of  the  Committee  on  Maintenance 
and  Inspection  of  Electrical  Equipment.  J. 
Lindall.  W.  D.  Wright,  B.  T.  Munger  and 
L.  L.  Smith.  St.  Ry  Jl — Oct.  19,  07.  3 
figs.  8100  w.  20c.  Paper  presented  at 
the  Atlantic  City  Convention  of  the  Am. 
Street  &  Interurban  R.  E.  Assn. 

Stmcture  Design,  Effect  on  Economy. 

The  Influence  of  the  Design  of  Railway 
Structures  on  Economy  of  Operation.  H. 
T.  Campion  and  William  McClellan.  St 
Ry  Jl— Oct.  19,  07.  12  figs.  4600  w.  20c 
Paper  presented  at  the  Atlantic  City  Con- 
vention of  the  American  Street  ft  Interarban 
Railway  Association,  Oct.  16. 

POWER  AND  ESQUIPMENT. 

Disinfecting  Cars. 

Notes  on  the  Disinfection  of  Railway 
Cars  at  Terminals.  H.  E.  Smitli.  Ens  News 
— Oct,  17.  07.  2100  w.  20c.  From  a 
paper  read  before  the  Master  Car  and  Lo- 
comotive  Painters'   Assn.,   Sept.    10,    07. 

Dynamometer  Cars. 

New  D>'namometer  Car  for  the  Pennsyl- 
vania Railroad.  Eng  News — Oct.  17,  01.  7 
figs.  5100  w.  20c.  Describes  latest  (fifth) 
car   having  a  measuring  capacity  of   100,- 

000   lbs. 

North-Eastern  Railway  Dynamometer 
car.      Encr    vLond) — Oct.    4,    07.      4    figs. 

1600   w.      4  0c, 

lAHx^motiTcs. 

A  >U:^c»J  of  Plotting  LocomotiYO  Char- 
acier:s;ics.     Lawlord  H.  Fry.     Am  Engr  A 

Rd  ;: — Oct.,  07.    2400  w.    4ac. 

Causes  of  Defects  and  Failures  of  Steel 
Tiro*.  Geo.  L.  Norris.  R  R  Gaz — Oct.  25, 
OT,  ri^  figs,  IS.OOO  w.  20c  First  in- 
stallment of  paper  read  at  October  meeting 
of  thm  Western  Railway  Club. 
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TECHNICAL   LITERATURE 


KxpreHB  locomotives  for  the  Prussian 
Btato  Railways.  Engg — Oct.  11,  07.  22 
flRii.  2300  w.  40c.  Describes  the  latest 
ty|>o  of  Bix-coupled  express  locomotive  on 
the  Prussian  state  railways,  which  is  fitted 
with  the  Schmidt  type  of  smoke-tube  super- 
hoator. 

Locomotive  Coals.  A.  Jacobsen.  Engr 
(Lond) — Oct.  18,  07.     1  fig.     4200  w.  40c. 

Pusher  Locomotives  of  the  Mallet  Duplex 
Type  for  the  Erie  Ry.  Eng  News — Oct. 
3.  07.     1  fig.     2100  w.     20c. 

Superheating  with  Compound  Locomo- 
tives. Ry  &  Engg  Rev — Oct.  5,  07.  6 
flgs.  3900  w.  20c.  Extract  from  a  pamph- 
let issued  by  Herr  Wm.  Schmidt. 

The  Calculation  of  Locomotive  Axle 
liOads.  A.  Kutschere.  Zeit  Oest  Ing 
u  Arch — Oct.  11,  07.  12  flgs.  4500  w. 
Oct.  18.     5  flgs.     6000  w.     Each  60c. 

The  Development  of  the  American  Loco- 
motive. Jl  Franklin  Inst — Oct.,  07.  18 
flgs.  7300  w.  $1.00.  Report  of  the  Com- 
mit tiH^  on  Science  and  the  Arts  on  the  Con« 
trtbution  of  the  Baldwin  Locomotive 
Works. 

The  Repair  of  T^ocomotive  Tube  Plates. 
Kugr  (Lond) — Sept.  27.  07.  5  figs.  1000 
w.  40c.  l^esoribes  a  system  of  repairing 
the  Clipper  tube  plates  of  locomotive  fire- 
boxes by  means  of  thin  sheet  copper  patches 
securt^d  by  plain  copper  ferrules. 

Motor  Car. 

Steam  Motor  Car,  Intercolonial  Railway. 
Am  Kngr  <^  R  R  Jl— Oct..  07,  11  flgs.  1900 
w.      40c. 

Mtmntiiln   lUdlwiiy. 

The  Puy-lV>-lVme  Mountain  Railway. 
Rug  New»---Oct.  10,  07.  S  flgs.  ISOO  w. 
20o.  IV^orlbt^  French  traction  system  em- 
ploying a  friction  grip  on  a  \xnitre  rail, 

A  Method  of  Tnlform  Signaling.  Ry  & 
Kivg  Rev-  AVt,  12.  07.  2  flg«,  1900  w. 
20o.  ReiH>rt  of  a  special  wmmittee  on 
'^ImerKvklng  and  Block  Signals**  presenter! 
at  the  annual  nit>eting  of  the  Railway  Signal 
A;Ha\..  Milwaukee.  Wis,,  Oct,  5». 

How  to  RenuNly  Kffects  of  KorxMgn  Cur- 
rt^nt  on  .\utomaTio  Rlock  Signals.  Ky  « 
Kng  Re\  iVt.  U\  07,  UOO  w.  tvV,  Rt-- 
is^r5  vrx^st*n:*\l  at  the  anriual  meeting  of 
I  he  RAi'.^fa^-  Signal  Assr...  Mr.wa;:kee.  Wis  . 
CV;.  :o, 
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Track. 

Greater  Loads  on  Rails.  H.  V.  Wllle.  Ir 
Age — Oct.  3,  07.  8  flgs.  3200  w.  20c 
Describes  the  increase  in  weights  of  Bald- 
win Locomotive  Works  engines  since  1885. 

Rail  Corrugation.  A.  L.  C.  Fell.  El  Rev 
(Lond) — Oct.  4,  07.  3800  w.  40c.  Paper 
read  at  the  Municipal  Tramways  OonTen- 
tion.  Manchester. 

Standard  Roadbed  Cross-Sections.  I.  C. 
R.  R.  Ry  Engg  &  M  of  W — Oct,  07.  6 
flgs.      700   w.      20c. 

Steel  Tie  and  Concrete  Construction  on 
the  Utica  and  Mohawk  Valley  Railway  Sys- 
tem. Utica,  N.  T.  M.  J.  French.  St.  Ry 
Jl — Oct.  12,  07.  4  flgs.  4400  w.  20c 
Discusses  city  track  construction  problems 
and  describes  the  steel  tie  and  concrete 
track  construction  built  under  the  author's 
directions,  giving  details  of  cost  and  labor. 

The  Hardness  of  Corrugated  Rails. 
George  L.  Fowler.  St  Ry  Jl — Oct.  6,  07.  3 
diagrams.  1500  w.  20c.  Describes  recent 
tests  upon  corrugated  rails,  showing  appar^ 
ently  that  corrugations  are  not  due  to  de- 
fects in  the  roUihg  process. 

Tie  Plates  and  Wooden  Foot  Guards.  C. 
R.  I.  &  P.  Ry.  Ry  Eng  &  M  of  W — Oct, 
07.     2  flgs.     600  w.     20c. 

Track  Elevation  Details  (Chicago)  C.  ft 
W.  I.  R.  R.  Ry  Eng  and  M  of  W — Oct.,  07. 
4  flgs.     600  w.     20c. 

Tamtables. 

Modern  Turntables. — II.  Ry  Age — Oct 
25.   07.      10   figs.      1600  w.      20c. 

Water  Softening  Plant. 

Water  Softening  and  Purification  Plant 
of  the  Pennsylvania  Railroad  at  Hartsdale. 
Ind.  Ir  Tr  Rev — Oct  10,  07.  6  figs.  2800 
w.      20c. 

Yard. 

The  Pit  cairn  (Pa.)  Yard  of  the  Penn- 
sylvania Railroad.  Eng  Rec — Oct  12,  07. 
1  fig.      4900  w.     20c 

STRKET    AND    ELECTRIC   RAILWAYS. 

Eloc<rii-ally  Equipped  Roftds. 

Combination  Direct-Current  and  Single- 
Fha^s^o  Equipment  for  the  Vienna-Baden 
Railwdiy.  S:  Ry  Jl — Sept  28.  07.  6  figs. 
^100  w.  ^Oo.  Describes  motor  and  con- 
tTv^l  OQiiipment  and  gives  performance 
curve*. 

K:tv:rlcA:  E^;u:?Inents  of  Main  Line  Rail- 
TWSv'.s  in  Kurv?^.  Philip  Dawson.  St  Ry 
.V.     tV:     :^     CT.      1«  figs.     7100  W. 

KUv-r:.*,^:  0?eri:;on  of  the  West  Shore 
K;,:  r.v».*.     S:  Kv  .t;. — Oct-  12,  07.     26  figs. 

V-;'.:— /.'  Vt-A:uTvs  cf  the  New  York  Cen- 
t-.;.  V  ;\ :-  f;,f.:  on  S:  Ry  Jl  (Atlantic 
.'    ^      v"  *'-'»■ -     V-n^e'-k Oct     12        07 

S  ii^r '.'->;  rr.ivtrtc  Motive  Power  on 
*>«•  :;.v";'>  T"  :^^.<:cn  cf  the  Erie  Railroad. 
\>     \    >-     r       iTr.c  Ne« — Oct  12,  07.     7 
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THIS  CIJT  shows   the  only  double  pump  Hydraulic  Jack  of 
this  form  on  the  market.     This  Jack  is  upcratcil  in  themual 
way.  exccptitic  that,  wlicn  both  pumps  arc  used,  the  valve 
handle  must   be  turned  to  the  left ;   when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.     The  lowerine  is  done 
by  turning  the  valve  handle  to  the  right  or  by  using  the  lever  in 
the  ordinary  manner. 


RICHARD 

;.i.-.i(.-r,    FatfnUf    and    (iryginal 
IIK.H.MF.   ASh   COLUMBIA 

DUDGEON 

'^aHufartuTrr    of    Ihr     Itydtnutir    Jaik. 
•STKEETS                       NEW    YuFtK 
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Ram 
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Water  Power 
ToWD  W>t*r  Works 
Rjilnid  \uk%    Canlnr  llMMl    lni|*lin     SrctitMM* 
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Factory  Time 
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AMERICAN    EMERY    OF    OUR    OWN    MINING 

TANITS    EMERY    WHEELS    FOR    DRY    USE 

MORGAN    EMERY    WHEEL3    FOR    WET    USE 

DIAMOND    POINTED    TOOLS 

EMERY    WHEEL    DRESSERS    AND    CUTTERS 

SPEED     INDICATORS 

EMERY     WHEEL    GLUE 

BUPFINO    LATHES    AND    POLISHING     MACHINES 

AUTOMATIC    PLANER    KNIFE    QRINDBRS 

NEWMAN    EMERY    PLANERS 

OPEN    SIDE    SURFACING    MACHINES 

BLISS    PUNCH    AND    DIB    GRINDER 

DENSMORB    SAW    OUMMBRS 

BENCH.    TABLE    AND    COLUMN    GRINDERS 

POU8HINQ    PASTES     AND     POWDERS,    ETC 

We    ■ppeal    to    UI    ■wotktat    In    MeuU    Wood    aad    OlMa 


THE  TANITE  CO.,  stroudsburg,  pa. 
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Single-Phase  Electric  Traction  on  the 
Rochester  Division  of  the  Erie  R.  R.  W. 
N.  Smith.  Eng  News — Oct.  17,  07.  14  figs. 
10,900  w.  20c.  Describes  alternating  cur- 
rent system  of  electric  traction  upon  a 
steam  railroad  to  go  into  commercial  op- 
eration. 

The  Field  for  Electricity  on  Steam  Rail- 
ways. Frederick  Darlington.  Ry  Age— r 
Oct.  18,  07.     1  flg.     5000  w.     20c. 

The  Heyland  Cascade  Single-Phase  Rail- 
way System.  H.  M.  Hobart.  El  Engg — 
Oct.  3,  07.  2  figs.  5500  w.  40c.  De- 
scribes system  in  which  induction  motors 
without  commutators  are  employed  and  a 
number  of  exceedingly  important  advan- 
tages thereby  secured. 

The  Richmond  &  Chesapeake  Railway. 
El  Ry  Rev — Oct.  19,  07.  8  flgs.  2700  w. 
20c.  Describes  a  15-mile  single-phase  road 
for  passenger  and  freight  traffic. 

The  Vienna-Baden  Railway.  Ry  &  Engg 
Rev — Oct.  12,  07.  8  flgs.  2200  w.  20c. 
Describes  a  recently  completed  high-speed 
single-phase  electric  railway  in  Auetria, 
connecting  the  cities  of  Vienna  and  Baden. 

Power  Generation  and  Distribution. 

Distribution  of  Current  to  Trains  on 
Electric  Railways.  Ry  Engr — Oct.,  07.  10 
flgs.  3100  w.  40c.  11.  The  Insulation 
of  the  Conductors. 

Electric  Practice  of  the  New  Haven  Rail- 
road. St  Ry  Jl — Oct.  12,  07.  8  flgs. 
7100  w. 

Experience  With  a  Grounded  Neutral  on 
the  High-Tension  System  of  the  Inter  bor- 
ough Rapid  Transit  Company.  George  1. 
Rhodes.  Proc  Am  Inst.  El  Engrs — Sept, 
07.  3  flgs.  3500  w.  60c.  Paper  read  be- 
fore the  Am.  Inst.  El.  Engrs.,  New  York,  Oct. 
11. 

Line  Construction  for  Interurban  Electric 
Railways  with  Data  on  Costs. — I.  E.  P. 
RoberU  and  G.  C.  Gillette.  El  Tr  Jl — Oct 
3,  07.      2  flgs.      6500  w.     20c. 

tx)ng  Island  City  Power  Station  of  the 
Pennsylvania  Railroad  Company.  —  II. 
Engg — Oct.  IS,  07.     13  figs.     5200  w.  40c. 

Operating  Features  of  the  Fifty-ninth 
Street  Station  of  the  Interborough  Rapid 
Transit  Oompanj*.  St  Ry  Jl — Oct  12,  07. 
7  figs.     4900  w. 

Operating  Features  of  the  Ixjng  Island 
City  Powor  Station  of  the  Pennsylvania 
Tuiinol  and  Terminal  Railroad  Co.  St  Hy 
Jl — Oct.    12.  07.      i^  fijxs.      7200  w. 

Oix^ration  of  KUvtrio  l.ooomotivos  by  tho 
Now  Hn>on  Kailroavl.  St.  Ky  ,11- -  Oct.  U\ 
07.      3S00    w . 

Tower  P".>tvii^\;'.ion  S>sUmu  o!'  tV.i^  Now 
York  Ooiiiral.  St  Ky'.U  <.\tlnnni  i'l^v 
Oon    Nur.'..^      Ort     ;  :\  »• :       :>i".  {i:.s      :*:>i'  w 

The  Towo;  StaMoi^  an*!  rraiiioo  o'.'  '.l.o 
\Vo>{  .Irvsox  \  S«\i>hoiv  K;t\ln>«il.  Si  K> 
Jl     O. ».  u\  r:.     :  ;ii;s.  ;;:»oo  w. 


Power  Station  Practice  of  the  New  York 
Central.  St  Ry  Jl  (Atlantic  City  Conyen- 
tion  Number) — Oct.  12,  07.  12  charts. 
7100  w. 

Recent  Improvements  in  Control  Appar- 
atus for  Railway  Equipments.  F.  E.  Case. 
St  Ry  Jl — Oct.  19,  07.  1400  w.  20c.  Paper 
presented  at  the  Atlantic  City  Convention 
of  the  Am.  Street  Interurban  R.  E.  Assn. 

Sub-Station  Practice  of  the  New  York 
Central.  St  Ry  Jl  (Atlantic  City  Con- 
vention Number) — Oct.  12,  07.  5  flgs. 
5000   w. 

The  Distribution  and  Sub-Station  System 
of  the  West  Jersey  and  Seashore  Railroad. 
St  Ry  Jl — Oct.   12,   07.      30  flgs.      3500  w. 

Rolling  Stock. 

All-Steel  Passenger  Cars.  Hudson  Com- 
panies. Am  Engr  4k  R  R  Jl — Oct.,  07.  8 
flgs.      3100   w.      40c. 

Electric  Rolling  Stock  of  the  New  York 
Central.  St  Ry  Jl  (Atlantic  City  Conven- 
tion Number) — Oct.  12,  07.    2  flgs.    7000  w. 

Long  Wheel-Base  Trucks.  R.  L.  Acland. 
El  Engr — Sept.  27,  07.  3  flgs.  3900  w. 
40c.  Paper  read  before  the  Municipal 
Tramways  Assn.,  London. 

Maintenance  of  Electric  Rolling  Stock  of 
the  Long  Island  Railroad.  St  Ry  Jl — Oct 
12,  07.     34  flgs.     3700  w. 

Maintenance  of  Electric  Rolling  Stock  on 
the  New  York  Central.  St  Ry  Jl  (Atlan- 
tic City  Convention  Number) — Oct.  12,  07. 
7000  w.     30c. 

Maintenance  of  Electric  Rolling  Stock 
West  Jersey  &  Seashore  Railroad.  St  Ry 
Jl — Oct.  12,  07.     7  figs.     5200  w. 

Pressed  Steel  Pay-As-You-Enter  Cars  in 
Montreal.  St  Ry  Jl — Oct  5,  07.  7  figs. 
1600  w.     20c. 

The  New  York  Cai^  of  the  Pay-As-You- 
Enter  Tjpe.  St  Ry  Jl — Oct.  26,  07.  5  figs. 
1500   w.      20c. 

Rolling  Stock  for  the  Washington,  Bal- 
timore &  Annapolis  Electric  Railway.  El 
Ry  Rev — Oct  12,  07.  4  flgs.  3000  w. 
20c. 

Shops. 

New  Shops  and  Car  Houses  at  KnoxviUe. 
St.  Ry  Jl — Oct.  5,  07.  16  flgs.  3200  w. 
20c.  Describes  buildings  of  fireproof  con- 
struction well  laid  out  for  economical  shop 
work. 

Track. 

Care  of  Electric  Railway  Tracks.  Qeorge 
L.  Wilson.  Eng  Rec — Oct.  19,  ^7.  3600 
w.  20c,  Paper  read  before  the  American 
Street  and  liiierurban  R.  E,  Assn. 

Line  and  Track  Service  Plant,  Brooklyn 
KapM  Trar.sl;  Comi^any,  El  Ry  Rev — Oct 
:.    I'T.      4   f:cii-   tllvv  w.     20c. 

l.os  Anci  :e>  Inierurban  and  Pacific  Elec- 
{•:U  i:;,i>.'^>s:  Bridges  and  Culverts.  El 
Kv    Uc\  — Ovi.    li*.    07.      10   figB.      1300   w. 
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BUILDING  A  GREAT  INDUSTRIAL 

WATERWAY' 

THE  CONSTRUCTION  OF  THE  CAPE  COD  CANAL 

By  REED  CARRADINE 

CONDENSED    FROM    ''AMERICAN     INDUSTRIES" 


Never  before  in  the  history  of  the  United 
States  hss  there  been  such  actiTity,  both  by 
the  Federal  Government  and  the  individual 
states,  as  well  as  by  private  corporations,  in 
the  development  of  waterways.  The  country 
m  entering  upon  an  era  of  canals  never  be- 
fore equaled  in  either  hemisphere,  the  effects 
of  which  are  being  felt  equally  in  California 
and  Massachusetts  and  from  Minnesota  to 
Texas.  Louisiana  and  Florida. 

The  chief  cause  for  this  general  interest  in 
the  development  of  the  Nation's  coastwise 
and  Interior  waterways  was  the  freight  con- 
gestion of  last  winter,  when  whole  communi- 
ties In  the  Northwest  were  in  the  direst  dis- 
tress because  the  railroads  could  not  find  cars 
In  which  to  haul  coal  to  them,  and  farmers 
whose  granaries  were  bursting  with  wheat 
were  unable  to  purchase  even  the  necessities 
of  life  because  of  the  lack  of  cars  in  which  to 
get  their  grain  to  market.  Then  it  was  that 
I  he  people  awoke.  They  realised  that  the  con- 
tinued prosperity  of  the  Nation  was  Jeopardised 
because  of  the  demonstrated  inability  of  the 
railroads  to  keep  pace  with  industry  and  the 
result  was  that  they  swung  with  enthusiastic 
en^rg>'  into  the  work  of  rehabilitating  its 
rivers  and  of  building  canals. 


*ThroQcb  ibt  courtety  of  "Am^iicao  Induttiie*.**  w« 
«r*  ^oabt«d  CO  pm«nt  tb«  llluttrmUom  •ccompanylDg  tlit 
vrrninml  artlcit. 


President  Roosevelt  only  recently  com- 
pleted a  trip  over  the  route  of  the  proposed 
waterway  from  the  Great  Lakes  to  the  Gulf* 
and  declared  his  intention  of  recommending 
an  appropriation  for  this  work  in  his  next 
message  to  Congress;  Florida  has  let  the  con- 
tract for  a  canal  from  Jacksonville  to  Key 
West;  a  distance  of  600  miles;  a  convention 
was  held  in  Philadelphia  on  November 
19th  and  20th  in  the  interest  of  the  proposed 
inland  waterway  from  Cape  Cod  to  Jackson- 
ville, and  the  routes  for  several  other  proposed 
inland  channels  have  been  surveyed  and  work 
will  doubtless  be  begun  in  a  short  time. 

The  first  and  probably  the  most  important 
link  in  this  chain  of  waterways  from  Boston 
to  Key  West  is  the  Cape  Cod  Canal,  work  on 
which  was  begun  August  19th  last  when 
William  Barclay  Parsons,  the  chief  engineer, 
turned  the  first  shovelful  of  earth  at  a  point 
midway  between  Busxard's  Bay  and  Barn- 
stable Bay,  the  termini  of  the  canal;  since 
which  time  the  work  has  been  pushed  with 
the  utmost  vigor  consistent  with  the  economic 
completion  of  an  undertaking  of  this  nugnl- 
tude.  and  we  are  assured  by  Mr.  Parsons  that 
shipn  will  be  passing  through  this  long  needed 
canal  by  1910. 

It  would  be  difficult  to  mention  a  great  In- 

.  dust  rial  enterprise  which  has  been  so  long  and 

so  sorely  needed  as  this  canal  or  one  which 
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will  iiruvo  ut  Inralvulable  tjeneflt  to  euch  & 
liki'K<<  iiuinliiir  of  ji(H>|)lt>  ur  to  no  great  a  dt- 
Vi'i'Hlty  (if  UiiHlmtH).  iiianufacturiDg  and  ship- 
pliiK  littoruMttt  (if  uvory  deHcrlptlon. 

Ft'W  iii'uiilc  Imvi-  any  ironti-ptlon  ol  the  mag- 
iiIIiiiIk  i>r  lliu  Inillli-  tiroiind  Cape  Cod;  but 
HDiiir  IiIl'r  (-an  ho  obtained  from  an  Inepectlon 
ut  Iliu  Iliiltod  Htatee  government  llghtliouae 
IlKurt'H.  Th(>H«  HtulUllcH  show  that  lu  one  year, 
that  wlilcli  ciiiU'd  on  March  31,  1899,  and 
wh(»i(>  ri-coi'd  y/ne  about  an  average  one,  more 
than  :t(l.(IUO  viiiiiuIm  passed  within  sight  of 
Itandkcri-hiof  Shoal  light-ship.  It  Is  conserva- 
tlvoly  vHtlninlod  Hint  during  the  same  year 
othoi'  vi'Hiu'lii  whk-h  puHBOd  by  In  fog  or  at 
tilKtit,  It  added  to  this  number,  would  augment 
thi>  total  by  At  least  10.000.  About  twenty  per 
conl.  of  tho  voBtK>l8  used  steam.  More  than  23,- 
400,000  Ions  roKlster  was  shown,  the  average 
for  Btoau)  vvKsola  being  l.COO  tons,  and  for  sall- 
lnKVi>w^>ls  eno  tuns.  When  the  increase  In  coaat- 
wtso  Irninr,  which  will  be  a  logical  sequent^  of 
lht>  oifulUK  of  this  waterway,  ia  added  to  the 
uuuiber  which  now  aunually  round  the  capt\ 
and  the  paaavngor  slvaniors  and  private  yachis 
which  win  naturally  be  diverted  from  their 
prvscnt  ampttltiious  routes  are  Included,  it  will 
roaiUly  bo  seen  that  no  other  canal  in  the 
world  has  within  tia  attroctlve  Influem.'e  a 
\olnn)o  i>f  iralHc  ihat  Is  at  all  comiMrable  to 
ihai  which  lhi#  channel  will  command. 

W.'re  only  20.000.000  tons  of  thif  prescni 
traiHc  betwivn  liiisl(>n  and  New  York  to  N>  dU 
^crt<<d  (hrxtuKh  ihc  canal,  au  average  loll  of 
otKb!  ivuu  a  (i>n  wou!d  >U'U  a  erosa  annual 
m.Miiif  oi  (l.S»'0.k>00. 

l-Vv  i!-.c  >ear  endluii  «Uh  June.  I^OT.  1^.- 
»'i'iVi'.>'.'   to;-.*  o(  iv.ii  nU^ne  wct>'  ;raKsi>onod 


around  the  cape,  while  lumber,  stone,  cement, 
brick,  ice  and  other  classes  of  heavy  freight, 
not  taking  into  consideration  blgh-claBs 
freight,  such  as  is  usually  carried  on  passenger 
steamers,  would  total  at  least  an  equal  num- 
ber of  tons.  As  against  this  It  Is  estimated 
that  the  t^nal  will  require  only  |12,OOU,000 
for  its  construction  and  1200,000  annually 
for  Ita  maintenance  and  operation. 

From  the  dawn  of  New  World  history  Cape 
Cod  has  been  the  graveyard  of  the  Atlantic, 
23  per  cent,  of  the  wrecks  occurring  on  tbr 
eastern  shore .  of  the  United  States  happening 
on  this  treacherous  coast.  Records  of  tbt 
United  States  government  tor  twenty  yean 
present  an  exhibit  most  startling  in  its  sacri- 
flce  of  human  lives  and  prodigal  in  Its  waite 
of  property.  An  aggregate  of  137  vessclt 
went  down  off  the  cape  during  these  two 
decades,  carrying  with  them  sixty-three  ll^-es, 
while  the  property  loss  reached  f2. 000, ODD. 
Nor  was  this  an  especially  unfortunate  period 
Tor  seamen  and  cargoes  on  the  shoals.  Withia 
less  than  four  years  more,  twenty-seven  addi- 
tional lives  were  I  oat,  twenty-eight  vessels  were 
wrecked  and  material  wealth  of  more  than  a 
quarter  of  a  million  dollars  disappeared  be- 
yond all  hope  of  salvage,  making  a  monthly 
property  losa  of  nearly  17,000  and  costing 
three  lives  and  three  vessels  every  two  months. 
Nor  Is  the  peril  of  rounding  the  cape  summed 
up  In  the  loss  of  lives  and  vessels-  Again  the 
I'uUed  States  government  reports  show  that 
for  one  hundred  day;  each  year  vessels  nre 
(■-■'S-l'ound  in  the  vicinliy  of  Martha's  Vineyard 
and  Nantucket,  the  delays  at  these  points  rang- 
ir.i:  auvwhere  from  one  to  ten  days. 

The  saving  of  time  as  a  result  of  shortening 


THE  CAPE  COD  CANAL 


C/fpr  coo  S///P  ot/si^L 


COMPREHENSIVE  MAP  SHOWINO  THE  CAPE  COD  CANAL  ROUTE  AND  ITS  BNVIRONMENT9. 


ibe  distance  b«twooD  Atlantic  porti  la  by  no 
mvana  the  least  Important  Item  in  connection 
with  the  birildlns  of  thla  canal.  Between  New 
Tork  and  Boaton  there  will  be  a  gain  nl 
•eientr-four  mllea  over  the  Vineyard  Snund 
route  the  ahortest  under  present  conditions 
and  the  on*  wUcb  is  nsed  br  vessels  o(  light 
dram,  and  14S  mllas  orer  the  route  outside 
of   Nantucket.      It    will,    moreover,   have    the 


further  advantage  of  fc  comparatively  Inland 
and  absolutel}'  safe  route,  avoiding  Innumer- 
able shoals  which  now  reader  navigation 
haiardous  In   the   extreme. 

The  great  need  for  this  canal  has  never  been 
doubted,  and  Its  entire  feasibility  has  never 
been  questioned,  because  It  presents  no  dlfflcnlt 
engineering  problems  whatever.  The  soli  to 
be  excavated   consists  of   aand   and   clar.  and 
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the  chosen  route  lies  through  a  Talley.  Thti 
cltmate  la  equttble  and  healthful,  and  tbe 
amount  of  money  necessary  to  complete  the 
canal  la  exceedingly  email  In  thla  day  of  large 
under  takings,  while  the  sum  that  will  be  re- 
quired for  Its  maintenance  and  operation  is 
practically  nothing. 

It  aeems  almost  incomprehensible  that  In 
the  course  of  mure  than  two  centuries  an  en- 
terprise well  within  the  meaning  of  a  public 
utility  failed  tn  command  the  support  of  tho 
Commonwealth  of  MasBachuaetts  or  the  Con- 
Sress  of  the  United  States,  and  all  this  whllo 
the  nation's  ever-lncreasius  commerce  paid 
an  ever-lucreaalng  toll  In  lives,  vessels  and 
time  to  the  treacherous  shoale  of  Nantucket 
and  the  passage  around  the  Cape.  But  It  has 
remained  for  private  capital  to  plan  the  water- 
way In  order  to  earn  the  return  upon  Invest- 
ment which  certainly  awaits  the  ownera  of 
such  a  canal. 

In  June,  1899,  former  Kepresentatlve  De 
Witt  Clinton  Flanagan,  a  namesake  of  tbe 
man  who  built  the  Erie  Canal,  applied  for  and 
obtained  a  charter  from  the  Massachusetts  • 
Legislature  giving  him  the  right  to  build  a 
canal  from  Bu»ard's  Bay  to  Cape  Cod  of  not 
less  than  23  feet  In  depth,  100  feet  wide  at 
the  bottom,  and  having  a  surface  width  of  200 
feet.  For  several  years  thereafter  he  carried 
the  project  atone,  successfully  combating  in- 
terests which  were  opposed  to  the  building  of 
the  waterway,  uniU  eighteen  months  ago, 
when  August  Belmont  became  associated  wiih 
him,  and  together  they  have  brought  matters 
to  the  present  happy  condition  of  affairs.  Mr. 
William  Barclay  Parsons  drew  the  plans,  ac- 
cording to  which  the  canal  will  be  constructed, 
and  John  B.  McDonald,  who  built  Xew  York's 
underground  railway,  will  have  iiersonal 
charge  of  the  conaiructlon  work. 

On  June  -'  last  the  contract  for  tbe  build- 


ing of  the  canal  was  awarded  to  the  Cape  Cod 
Construction  Company,  of  which  August  Bel- 
mont Is  tbe  president;  Arthur  L.  Devens,  vic«- 
presldent;  John  B.  McDonald,  Ylce-president 
in  charge  of  construction;  William  Barclar 
Parsons,  chief  engineer;  John  F.  Buck. 
secretary  and  treasurer;  and  De  Witt  C.  Flan- 
agan, E.  W.  Lancaster  and  Dudley  Pickham, 
directors.  On  August  19  Mr.  Parsona  turned 
the  first  shovelful  of  earth  and  the  great  un- 
dertaking was  started  fairly  on  Its  way.  Tbe 
illustrations  which  appear  on  this  page  show 
the  inauguration  of  the  work  and  the  progress 
which  has  been  made  since.  Four  large  by- 
draullc  dredges  have  been  ordered  and  wUl 
be  in  operation  by  next  spring.  These  dredges 
will  suck  up  the  sand  and  conver  It  through 
pipes  to  any  point  desired  within  three  miles 
of  the  spot  where  the  dredge  Is  located.  Tbe 
soil  excavated  will  be  utilized  to  fill  In  the 
Shusset  Marshes,  thus  converting  waste  land 
Into  valuable  real  estate.  In  the  meantliaa 
work  will  continue  throughout  tbe  winter  with 
steam  shovels,  fiat  cars  and  laborers  armed 
with  picks  and  shovela. 

Tlie  canal,  when  completed,  will  be  twelve 
miles  long  and  will  extend  from  Bnszard's 
Bay.  at  "Gray  Gables,"  the  aummer  residence 
of  former  President  Grover  Cleveland,  to  a 
poiut  near  the  town  of  Sandwich,  on  Barn- 
stable or  Cape  Cod  Bay.  It  will  be  160  feet 
at  the  bottom  and  320  feet  on  tbe  surfftce  at 
the  narrowest  portion,  and  will  have  a  depth 
of  25  feet  at  low  water.  At  the  western  ter- 
minus a  large  steel  bridge  will  be  erected  tor 
the  use  of  tbe  New  York,  New  Haven  t  Bart- 
ford  Railroad,  which  will  cross  the  canal  at 
this  point  and  parallel  it  on  the  south  side  to 
Us  eastern  terminus.  Here  a  large  break- 
water and  artlQcial  harbor  will  be  bnllt,  which 
will  aSord  a  safe  harbor  for  vessels  of  the 
dt-cpest  draft. 


KNT  OP  U-ORK  OK  THB  CAM  COD   CANAI. 


SHAFT  SINKING  BY  THE  FREEZING 

PROCESS 

By  SIDNEY  F.  WALKER 

CONDENSED    FROM    "THE    ENGINEERING    AND    MINING    JOURNAL" 


SInkinK  by  the  freezing  process  Is  gradually 
making  Ita  way.  It  has  been  somewhat 
largely  employed  In  Germany  and  Belgium, 
where  It  has  also  been  used  for  driving  tun- 
nels Id  railway  work;  and  within  the  last  few 
years  two  important  sinkings  have  been  car- 
ried out  in  the  county  of  Durham,  in  the 
United  Kingdom,  one  at  Washington  colliery, 
and  the  other  at  the  Dawdon  colliery,  in  the 
neighborhood  of  Seaham  harbor. 

At  Dawdon  it  was  the  water  from  the  sea 
which  caused  the  great  trouble  in  sinking, 
enormous  quantities  of  water  passing  in 
through  gullets  in  the  niagnesian  limestone. 
the  total  quantity  of  water  to  be  pumped  be- 
fore the  freezing  process  was  resorted  to  being 
7.050  gals,  per  min. 

In  the  United  Kingdom  and  in  Germany  and 
Belgium,  the  great  trouble  with  water-bearing 
atrata  usually  arises  in  the  loose  quicksands 
that  are  sometimes  met  with.  At  Dawdon 
there  was  92  ft.  of  yellow  sand  and  336  ft. 
of  magnealan  limestone,  while  at  Washington 
colliery  there  was  41  ft.  of  clay  sand  lying  on 
a  gravel  bed,  with  a  bed  of  clay  with  boulders 
nndemeath,  and  34  ft.  of  dry  yellow  sand 
above. 

Principles  of  the  Process. — The  freezing 
proceaa  consists  essentially  in  building  a  wall 
of  Ice  around  the  shaft  from  the  water  from 
which  the  trouble  arises,  and  the  sand  or  other 
strata  In  which  the  water  is  inclosed.  The  ice 
wall  consists  of  a  hollow  cylinder,  completely 
Inclosing  the  space  in  which  the  shaft  Is  to  be 
sunk,  at  such  a  distance  that  the  process  of 
sinking  can  be  carried  on  with  safety,  and 
without  damaging  the  i^e  wall.  In  the  Wash- 
ington sinking,  the  shaft  was  to  be  14  ft.  in 
diameter,  and  the  Ice  wall  was  formed  in  a 
cylinder  of  a  mean  diameter  of  20  H  ft.  At 
Dawdon  the  shaft  was  to  be  20  ft.  in  diameter. 
and  the  holes  for  the  freezing  apparatus 
formed  a  cylinder  30  ft.  in  diameter. 

The  ice  cylinder,  when  formed,  must  he 
safllclently  strong  mechanically,  to  withstand 
all    tho    strains    and    stresses    that    may    be 


brought  againHt  it.  both  by  the  processes  of 
sinking  on  the  inside  of  the  cylinder,  and  by 
the  working  of  the  ground,  the  motion  of  the 
water  and  any  other  forces  that  may  be'  pres- 
ent on  the  outside.  It  must  also  be  of  suffi- 
cient thickness,  and  must  be  frozen  to  a  suffi- 
ciently low  temperature,  to  stand  the  constant 
attrition  that  will  go  on,  owing  to  the  convec- 
tion currents  that  will  be  set  up  in  the  water 
surrounding   the   ice   cylinder. 

As  the  water  from  which  the  ice  cylinder  has 
been  formed  will  nei'essari'v  be  at  a  consider- 
ably higher  temperature  tnan  the  outer  por- 
tion of  the  ice  wall,  there  will  be  a  continual 
passage  of  heat  from  the  wator  to  the  surface 
of  the  Ice  wall,  with  a  continual  melting  of  a 
small  quantity  of  the  ice.  followed  by  a  con- 
tinual motion  of  the  water  which  has  deliv- 
ered the  heat  to  the  ice  wall,  its  place  being 
taken  by  the  colder  water  behind. 

The  thickness  of  the  ice  wall  will  vary,  ac- 
cording to  the  conditions  present.  It  will 
necessarily  be  thicker  with  a  deep  sinking  than 
with  a  shallow  one.  It  will  also  necessarily 
be  thicker  with  a  shaft  of  larger  diameter, 
such  as  that  at  Dawdon,  than  with  the  com- 
paratively smaller  diameter,  as  at  Washington. 
At  present  no  rule  can  be  given  as  to  the 
thickness  of  the  wall,  there  are  so  many  fac- 
tors in  the  equation,  so  many  of  what  mathe- 
maticians call  Independent  variables. 

The  Surrounding  Strata. — In  addition  to  the 
questions  of  depth  and  diameter,  there  are 
also  the  questions  of  the  surrounding  strata, 
and  of  the  strata  below,  which  will  mate- 
rially modify  the  question  of  the  thickness  of 
the  ice  wall.  At  Washington  colliery  the  wet 
sand  to  be  frozen,  as  mentioned,  rested  upon 
a  lied  of  clay,  containing  boulders  varying  In 
size  from  a  pea  to  3  ft.  In  diameter,  and  the 
German  engineers  who  carried  out  the  work. 
insisred  upon  sinking  right  through  the  clay, 
and  right  down  to  the  yellow  freestone  which 
underlay  the  clay,  as  they  stated  that  they 
had  met  with  considerable  difficulty  In  sink- 
ing through  running  sands  In  Germany,  where 


522 


TECHNICAL   LITERATURE 


ttaoy  did  not  carry  the  ice  walls  into  a  sub- 
Htantlal  itratum  below. 

In  addition  to  freezing  the  water  of  which 
the  ice  wall  is  formed,  the  temperature  of 
the  sand»  clay,  limestone,  or  whatever  the 
water  may  be  held  in,  has  also  to  be  reduced 
to  that  of  the  ice  formed  from  the  water.  As 
the  freezing  process  is  now  carried  out,  the 
brine  which  circulates  in  the  pipes  to  be  de- 
scribed abstracts  heat  from  the  water  sur- 
rounding them,  and  from  the  stratum  that  is 
held  by  the  water,  and  carries  it  to  the  brine 
tank  in  which  the  evaporating  coils  are  im- 
mersed, there  delivers  it  to  the  evaporating 
coil».  which  in  their  turn  carry  it,  by  way  of 
the  compressor,  or  the  absorber  and  genera- 
tor, to  the  condenser,  and  thence  to  the  cool- 
ing water. 

Refrigeration  Required. — When  the  depth 
and  diameter  and  thickness  of  the  ice  wall  to 
be  formed  are  known,  it  is  not  a  difficult  cal- 
culation to  find  the  quantity  of  heat  that  must 
be  abstracted  from  it,  and  delivered  to  the 
cooling  water  of  the  condenser.  In  order  to 
freeze  the  water  it  is  necessary  first  to  lower 
its  temperature  from  whatever  it  may  be,  say 
70 '^  F.,  to  the  freezing  point,  in  the  neighbor- 
hood of  32^'  F.  Then  the  water  must  be 
froiou.  and  when  it  is  frozen,  the  temperature 
of  the  too  so  formed  must  be  lowered  consid- 
erably Inflow  the  freezing  point. 

Whenever  ice  is  formed,  whether  by  me- 
ohauloal  process*  or  as  we  say,  naturally,  un- 
'lew  the  ice.  after  freezing,  is  reduced  a  con- 
siderable number  of  degrees  below  the  actual 
(ret^itug  iH>int.  it  dix^s  not  remain  in  a  stable 
cimdtUon:  it  is  mort*  or  U^w  "sloppy,"  Every 
Uttle  addition  of  heat,  such  as  may  arise  from 
friction,  in  this  case  from  the  presence  of 
water  at  a  considerably  higher  temperature, 
and  fr\^m  other  causers,  rais^^s  the  temiH^rauire 
\>t  a  sniAll  portion  of  the  ivv  sutnclowtly  for  it 
to  Nvvmo  liquid,  and  pr^niuces  a  soft  ovMidi- 
tion. 

The  quantity  of  ho.*^:  reqv.irwii  to  rais<>  the 
tei«\vratwre  of  1  l*v  of  >»A:cr  iuoroASt^  >try 
s^l^ht'>    a#  J  ho  :oiv.;vraturt"  of  :ho   \xa:or  :::- 

\V,^:er  a*. so.  n^.:o^,  :#  ::v.v>r<-j;v.A:o*i  >*;:^  saV.s, 

s   '.  >\^     o>»t-.-.v.       Ko:"   /-.Av.Iva;  v^ur^svc*.  how- 

•.'  ;•  >o;v  ;.  ;**\-i;  v-:  :*o  >»A:or  -u  ;5te  «irau  u^ 
Vc    ^v.'*.   .-.^    *.        V/c  :^;v<v::*o  (r;ft\i;>   oC  wjfctxwr 


but  for  practical  purposes  again  it  will  be 
sufficient  to  take  it  as  1,  and  to  take  the  gal- 
lon of  the  water  to  be  frozen  as  weighing  10 
lbs. 

Hence  from  every  gallon  of  water  to  be 
frozen,  assuming  its  normal  temperature  to 
be  TO"*  F.,  380  B.T.U.  must  be  abstracted  in 
order  to  bring  the  whole  o  fthe  water  to  the 
a  further  1,420  B.T.U.  must  be  abstracted  in 
order  to  bring  the  whole  of  the  water  to  the 
frozen  condition. 

Every  substance,  it  is  well  known,  exists 
either  in  the  gaseous,  liquid,  or  solid  condi- 
tion, owing  to  the  presence  or  absence  of  a 
certain  definite  quantity  of  heat.  Thus,  while 
to  raise  the  temperature  of  1  lb.  of  water  1' 
F.  requires  the  expenditure  of  one  heat  unit, 
to  convert  the  same  pound  of  water  into 
steam  at  the  boiling  point  requires  966  B.T.U. 
at  ordinary  barometric  pressure.  Again,  the 
latent  heat  of  water,  which  enables  it  to 
maintain  the  liquid  condition,  is  142  B.T.U. 

That  is  to  say,  after  the  water  has  been 
reduced  to  thet  freezing  temperature,  142 
B.T.U.  must  be  abstracted  from  every  pound 
or  1,420  units  from  every  gallon,  to  reduce 
the  water  to  the  solid  condition,  ice.  The 
specific  heat  of  ice  is  only  0.5,  as  against 
water  1.  Hence  to  lower  the  temperature  of 
the  ice  from  the  freezing  point  to  0**  P.,  or 
thereabouts,  the  practice  usually  followed  in 
sinking  by  freezing,  16  B.T.U.  must  be  ab- 
stracted from  every  pound  of  ice,  or  taking 
the  calculation  back  to  the  water,  160  B.T.U. 
must  be  taken  from  every  gallon. 

Putting  these  figures  together,  1,960.  or 
roughly.  2.i»00  B.T.U.  must  be  abstracted 
from  every  gallon  of  water  present,  that  is  to 
be  converted  into  ice,  in  the  ice  wall  that  is 
to  be  formed. 

This  is.  however,  only  a  part  of  the  heat 
that  must  be  abstracted.  As  explained,  the 
temperature  of  the  sand,  the  clay,  the  lime- 
stone, or  whatever  the  water  may  be  held  in, 
r.:v.st  be  low^n^  to  the  same  temperature,  in 
this^  case  taken  as  0^  F..  to  which  the  water 
thA:  is  iniprisoned  in  it  is  reduced. 

When  :ho  dtsiensions  of  the  ice  wall  are 
kv.o^n.  ::  is  a  simple  calcnlation  to  find  its 
vv.>:v:  vvriTt-^:.  s-d  ;hen  taking  63^  of  this  to 
N-*  SAV.».  wht:>e  ;i:ai  is  the  substance  in  which 
;^e  ^A:cr  :<  ^.l:i.  a-d  37^c  of  water,  and  con- 
\o:::r.i:  :iv>t  ^y  nie^ns  of  their  respective 
s;vc:*o  cr,^iM:.;s  :s:o  pounds,  or  in  the  case 
o<  xkA-.c'r.  :•.:.'  iil*-or.s.  siultiplying  the  gallons 
o?  ^AttT  ^:^  i..\\  will  give  the  number  of 
h^^ai  uai:s  Tti:  zius:  be  abstracted  to  reduce 
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vater  to  Ice  at  0*  F.  The  number  of 
units  to  reduce  the  sand  or  other  sub- 
•  to  the  same  temperature  will  be  found 
lultiplying  the  weight  In  pounds  by  the 
Be  heat,  and  by  70,  assuming  the  tem- 
;are  of  the  sand  to  have  been  originally 
F. 

ilntenance  of  Froxen  Walls. — This  calcu- 
li, which  may  be  put  Into  a  formula  that 
give  the  total  number  of  heat  units  that 
be  abstracted  from  the  stratum  and  the 
r  held  In  It,  in  order  that  the  ice  wall 
be  formed.  It  will  be  wise,  as  in  all 
leering  work,  to  allow  a  liberal  margin 
anforeseen  contingencies,  the  margin  be- 
m  usual  allowed  in  the  refrigerating  plant. 

99 

addition  to  the  above,  if  the  ice  wall  is 
»maln  Intact,  while  the  sinking  proceeds, 

must  be  continually  removed  as  it  is 
ered  to  It.  If  left  to  itself,  the  ice  wall 
slowly  melt  away,  owing  to  the  action 
le  water,  as  explained  above,  and  to  con- 
on  of  heat  from  the  neighboring  strata. 
m  quantity  of  heat  that  will  be  delivered 
le  ic«  wall,  may  be  determined  approxi- 
1y  from  Peclet's  formula.  It  depends 
tly  upon  the  surface  exposed,  and  upon 
difference  of  temperature  between  the 
ic^  of  the  ice  wall  and  the  substances  In 
ict  with  it  Again  a  liberal  allowance 
Id  be  made  In  the  plant  that  is  designed 
laintain  the  temperature  of  the  ice  wall 
'  P..  but  the  plant  that  is  employed  to 
:e  the  ice  wall,  should  in  every  case  be 
»  than  sufllclent  to  maintain  it. 
)w  the  Heat  is  Abstracted. — A  ring  of 
cal  pipes  Is  fixed  in  the  ground  contain- 
Lhe  water  to  be  frozen,  and  carried  from 
I  the  surface.     In  practice  the  holes  are 

from  the  surface  to  the  water-bearing 
a.  and  through  them  to  the  depth  to 
h  it  is  decided  to  carry  the  ice  wall.  The 
B  are  placed  usually  from  3  to  4  ft.  apart, 
number  var}'ing  with  the  diameter  of  the 
yllnder  to  be  formed. 
le  sctual  freezing  arrangement  consists 
wo  concentric  tubes,  which  must  stand  in 
ground  absolutely  vertical.  The  bottom 
of  the  outer  tube  Is  closed,  and  the  bot- 
end  of  the  Inner  tube  is  sometimes  fitted 

a  strainer  or  something  of  the  kind,  to 
ent   the  passage  of  grit,  etc.     The  Inner 

Is  usually  from  1  to  lU  ins.  in  diameter. 
irger  with  very  deep  sinkingH.  The  size 
le  outer  tube  will  vary  with  the  depth  of 
Ire  cylinder,   its  thickness  and   diameter. 


At  Washington  the  outer  tubes  were   4   ins. 
In  diameter,  and  at  Dawdon  5  Ins. 

The  cooling  action  of  the  pipes  In  which 
the  cold  brine  is  circulating  depends  directly 
upon  the  surface  of  the  pipe  exposed  to  the 
stratum,  and  the  water  contained  in  it;  hence 
the  deeper  the  sinking,  etc.,  the  larger  the 
tube. 

Fixing  the  tubes  in  an  absolutely  vertical 
position  presents  the  greatest  difficulty  of  the 
process.  Holes  are  drilled  where  rock  or  clay 
has  to  be  passed  through,  or  bored  with  a 
sharp-edged  tube,  and  a  sand  pump,  where 
sand  Is  passed  through,  the  holes  being  con- 
siderably larger  in  diameter  than  the  outer 
freezing  tubes  to  be  employed.  At  Washing- 
ton the  holes  were  6  Ins.  In  diameter,  and  at 
Dawdon  they  ranged  from  9%  ins.  at  the  top 
to  6^  ins.  at  the  bottom. 

The  holes,  when  drilled  or  bored,  are  lined 
with  guide  tubes,  practically  filling  the  bore 
hole,  and  inside  of  this  the  outer  freezing 
tubes  are  first  fixed,  and  then  the  Inner  tubes. 
Through  a  considerable  depth  of  strata  not 
required  to  be  frozen,  as  at  Dawdon,  it  is  the 
practice  of  the  German  engineers  who  car- 
ried out  the  sinking  at  that  colliery,  to  fix 
a  third  set  of  tubes  between  the  inner  and 
outer  tubes,  for  the  depth  that  is  not  re- 
quired to  be  frozen.  The  third  set  of  tubt^s  is 
connected  to  the  outer  tubes,  and  it  Is  ar- 
ranged that  the  brine  flows  between  the  inner 
and  the  middle  tubes,  leaving  an  air  space 
between  the  middle  tube  and  the  outer,  and 
so  to  a  certain  extent  Insulating  the  strata 
and  the  shaft  work  that  may  have  been  done 
above  the  stratum  to  be  frozen.  The  object 
of  this  arrangement  Is  two-fold.  It  lessens 
the  work  the  brine  and  therefore  the  com- 
pressors have  to  perform,  and  it  avoids  the 
exposure  of  the  shaft  work  that  Is  not  to  be 
frozen,  to  the  very  low  temperature  attained 
in  the  other  strata. 

The  Power  Required. — A  cold-storage  plant 
Is  rated  as  a  one-ton  plant,  a  two-ton  plant, 
etc.,  according  to  the  quantity  of  refrigeration 
it  is  capable  of  accomplishing  In  twenty-four 
hours.  A  one-ton  plant  is  supposed  to  be 
capable  of  performing  the  equivalent  refrig- 
eration to  that  that  would  be  produced  by 
the  melting  of  one  ton  of  Ice,  at  32*  F.  In  24 
hourK.  The  American  ton  Is  2.000  lbs.,  while 
the  British  ton  is  2.240  lbs.  Hence  the 
American  ice  ton  is  2S4.000  B.T.U..  and  the 
Hrltish   is   SIS.OSO   B.T.U. 

When  ice  is  to  be  formed,  it  Is  usual  to 
divide   the   ratlnK;*   by    two.      Thus   a   one-ton 
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machine  should  do  the  same  work  in  cooling 
the  air  of  a  cold  store,  as  would  be  done  by 
the  melting  of  one  ton  of  ice,  but  it  will  not 
produce  one  ton  of  ice.  In  the  present  mat- 
ter it  will  be  wiser  to  allow  even  a  larger 
margin,  and  for  this  reason.  Artificially  made 
ice  is  usually  reduced  to  a  temperature  of 
from  15**  F.  to  17**  F.,  whereas  the  ice  wall 
in  the  present  case  will  be  at  only  a  few  de- 
grees F.,  and  the  lower  the  temperature  to 
which  it  is  reduced,  the  better  it  will  stand. 

To  find  the  size  of  plant  required  for  per- 
forming the  operation  of  freezing  an  ice  wall, 
the  cubical  contents  of  the  ice  wall  have  to 
be  calculated,  and  the  heat  units  to  be  ab- 
stracted respectively  from  the  water  and  the 
sand  or  rocks  taken,  this  being  the  total  work 
to  be  done. 

The  whole  of  the  freezing  can  be  carried  out 
within  certain  limits,  in  as  long  or  as  short  a 
time  as  the  engineer  chooses,  the  smaller  the 
time  in  which  the  freezing  is  to  take  place,  the 
larger  the  plant  required  for  the  purpose. 

For  ammonia,  the  rule  for  the  compressor 
is  that  for  each  ton  of  refrigeration,  or  each 
half  ton  of  actual  ice-making  capacity,  the 
compressor  should  be  able  to  transfer  ^}^/^  cu. 
ft.  of  gas  per  minute  from  the  expansion  coils 
to  the  condensing  coils,  and  the  capacity  of 
any  given  ammonia  compressor  may  be  found 
from  the  formula: 

C  =  P  L  N-T- 7,500, 

where  C  is  the  capacity  in  tons,  P  is  the  area 
of  the  piston  in  square  inches,  L  the  length 
of  the  stroke  in  inches,  and  N  the  number  of 
single  strokes  per  minute. 

Or  per  contra  the  size  of  the  compressor 
required  may  be  found  from  the  formula: 

P=  7,500  C-t-L  N. 


Refrigeration  compressors  woVk  at  a  very 
much  lower  piston  speed  than  modern  steam 
engines,  200  ft.  per  minute  or  thereabouts. 

Cooling  Water. — The  above  figures  are  on 
the  supposition  that  the  cooling  water  for  the 
condenser  is  at  the  temperature  of  70**  F. 
For  every  5**  the  temperature  of  the  cooling 
water  exceeds  70"^  F.,  the  capacity  of  the  com- 
pressor is  reduced  by  1%,  and  for  every  3' 
below  that  temperature  it  is  increased  1%. 
The  quantity  of  cooling  water  required  in  the 
condenser  will  vary  again  with  its  initial  and 
final  temperatures.  At  SO""  F.,  with  atmo- 
spheric condensers,  it  is  usual  to  allow  ^  gal. 
per  min.,  the  quantity  increasing  with  the 
initial  temperature  to  2  gals,  per  min.  at  %V 
F.,  the  cooling  water  being  supposed  to  leave 
the  condenser  at  a  temperature  of  So""  F. 
Where  there  is  plenty  of  cooling  water,  it  is 
wiser  to  use  a  larger  quantity,  and  not  to 
allow  the  temperature  to  rise  much.  For  sub- 
merged condensers  the  quantity  of  water  re- 
quired will  be  from  20  to  25%  more  than  with 
atmospheric  condensers.  In  the  submerged 
condenser,  the  water  has  to  do  the  whole  of 
the  work,  while  the  evaporation  by  the  atmo- 
sphere does  a  portion  of  it  with  atmospheric 
condensers. 

The  brine  tanks  are  usually  arranged  to 
have  60  cu.  ft.  of  brine  capacity  per'ton  of 
refrigeration,  that  is,  per  half  ton  of  ice- 
making  capacity.  The  length  of  the  evapor- 
ating coils  lA  the  brine  tanks  will  again  vary 
with  the  size  of  the  pipes.  The  cooling  effect 
depends  directly  upon  the  surface  exposed  to 
the  brine,  and  a  smaller  length  of  a  larger 
pipe  can  be  employed  where  it  is  convenient  to 
do  so.  The  usual  rule  is  for  1-in.  pipe,  a 
length  of  150  ft.  per  ton  of  refrigeration,  and 
for  a  2-in.  pipe,   90  ft. 


NOTES  ON  INSULATION  AND  INSULATION 

TESTING* 

By  S.  M.  HILLS  and  T.  GERMANN 

FROM    THE    "ELECTRICAL    ENGINEER"     (LONDON) 


A  substance  insulates  because  it  is  possessed 
of  three  distinct  properties:  firstly,  the  ability 
to  stand  mechanical  and  electrical  stresses 
due  to  the  voltage  used;  secondly,  a  conduct- 
ivity such  that  but  a  negligibly  small  current 
can   flow   through   it   and   leak   away;    thirdly. 


•From  a  paper  read  before  the  Northampton  Institute. 
Engineering  Society. 


the  power  to  resist  chemical  action  that  may 
be  set  up  by  application  of  the  voltage.  There 
is  no  direct  relation  between  the  breakdown 
e.m.f.  and  the  ohmic  resistance  of  an  insulator. 
A  low  ohmic  resistance  usually  means  a  low 
breakdown  test,  but  the  converse  is  not  always 
true. 

A  good  insulator  should  fulfil  the  following 


CnqulrvmvnU:  (l)  blgh  dlarupUo" 
(1)  Kood  olimlc  roHiaui)c«;  (3) 
Pto^lol  proiwrtlca  should  reroBln  |M>rm*nent 
uT«r  ft  «I4«  ruis*  of  teaiperaturo:  lO  uium 
be  n(ui-rolaUl«  Mid  aon-hyRTMcopIr :  Id)  ro 
•Ui  (>M  actloB  of  waler.  acids,  and  alkall«t: 
(Ci    RrAproot. 

NcTiiliiKle  sub«taDC«  fulfils  all  these  require- 
n»BU.  aad  varloua  m)stur«s  tiave  Wen  devlned 
ta  so  KtUnpl  to  produce  no  loBulalor  posaees- 
tai  Uw  required  prupertlee.  Tht^  denelt;,  and. 
Ibervfore.  the  molecular  compoaltion  of  (he 
TkiiouB  componeDU.  of  the  mixture  Is  dtfter- 
cBi.  mad  tlte  particles  or  cells  of  wbicb  they 
mar  l>o  roscvlTed  as  being  built  up  of  can 
more  more  tntlj  In  aome  Ihan  Id  others.  Since 
tbe  rle«trJfa1  displacement  varies  directly  wlih 
tbc  denalty.  tbe  effect  of  a  mixture  la  to  cause 
an  onrqaal  distribution  of  prenaure  Id  the  di- 
electric. A  large  number  of  Insulation  trou- 
ble* may  be  attributed  to  this  pbrnomt>iion. 

Line  Insulation. — Id  high-voltage  distribu- 
tion. Ike  tiuulatlon  of  tbe  line  Is  a  very  Im- 
portant matter.  There  are  two  substances  to 
chooe*  from — namely,  porcelain  and  glass. 
Good  MiBples  of  either  will  give  excellent  r«- 
snlta  Qv  lo  $.000  volts,  but  beyond  tbls  figure 
considerable  leakage  orrurs.  Glass  often  per- 
nlia  of  leakage  when  new.  and  ages  very 
badly;  Ibe  surface  becomes  roughened,  molat- 
nf«  and  dirt  collect  until  tbe  surface  Is  fuund 
to  t>e  a  lolvrably  good  conductor.  Cheap  por- 
celain (a  often  extremely  hygroscopic,  some 
mahes  abeorblng  1  to  2%  of  moisture.  Porce- 
lain for  insulatluK  purposes  should  absorb  no 
aotstiir*  and  show  a  brilliant  vitreous  frac- 
tarc.  which  will  give  no  Dowlng  slain  with  ink. 
Glai«  Is  homogeneous  throughout  Its  thlck- 
■ees.  but  with  porcelain  It  Is  often  found  that 
ooee  tbe  glaie  Is  damaged  a  porout  anil  prar- 
ilrally  non-lnsulatlng  porcelain  Is  revealed. 
Tbe  beat  substance  to  use  is  a  thoroughly  vlt- 
rUed  porc«'1aln.  In  which  tbe  ordinary  glaie 
la  replaced  by  aa  actual  fusing  of  the  material 
liaelf.  It  la  atrong.  tough,  and  non-bygro- 
aeoplc.  has  very  high  InsulallDg  properties,  the 
sarface  does  not  weather,  and  tbe  Inaulatlon 
la  prarlleally  permanent.  The  Insulator 
abauld  be  so  designed  that  the  extent  of  aur- 
taee  la  aa  long  and  narrow  ns  Is  practicable: 
also  the  surface  must  he  Initially  and  contlnu- 
oosly  highly  Inaolallng. 

Otla — With  the  Increased  uac  of  high-volt- 
age dlalrltiotloD  a  largi^r  number  of  oil-cooled 
traaafotiBers  and  oil  switches  are  required, 
and.  therefore,  tbe  question  of  Insulating  olla 
haa   received   more  attention.      Bach   maaufac- 
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turer  baa  hU  own  pet  specification,  but  the 
following  contains  the  conditions  required  In 
an  average  spnclflcatlon:  11)  the  oil  should 
be  a  pure  mineral  oil.  obtained  by  the  frac- 
tional distillation  of  petroleum,  unmixed  with 
any  otber  substance,  and  wlibout  subsequent 
chemical  treatment;  (2)  flash  test  must  not  b« 
lesa  than  ISO';  <3)  evaporation  not  greater 
than  1%  afler  heating  for  eight  hours  at  100' 
C;  ii)  must  not  contain  moisture,  add,  al- 
kali, or  sulphur;  ii)  must  lie  as  clear  aa  pos- 
sible, fluid,  and  free  from  particles  of  metallic 
nature.  There  are  two  main  methoda  em- 
ployed In  teiUiig  the  dielectric  strensUi  ot  the 
oil— namely:  (U  between  two  apticrea  auh- 
Dierged  In  the  oil  and  placed  ^  Id.  apart;  (t) 
between  two  needle  points  placed  H  In.  apart. 
The  latter  method  gives  a  lower  value  titan 
the  farmer,  and  since  In  a  tranaformer  or 
tiwllcb  many  sharp  edges,  If  not  points,  or* 
met  with,  the  authors  favor  the  use  of 
method   2. 

\'amlBhea,  when  ueed  In  the  preparation  of 
Insulntlon.  are  usually  Impregnated  on  cloth, 
paper,  etc.  This  forma  an  Inaulalor.  the  dena- 
ity  and  electrical  displacement  of  which  la  not 
the  same  In  all  parts — a  very  undesirable  slate 
of  affairs.  It  ts  advisable  to  test  the  dielectric 
■Irengih  of  tbe  varnlah  when  Impregnated  on 
paper,  at  various  densities.  In  order  to  en- 
deavor to  obtain  an  Insulator  ot  somewhat 
uniform  density.  The  highest  dielectric 
strength  will  not  be  obtained  by  using  tbe 
highest  density  varalsb.  unleaa  tha  dsnslty  of 
tbe  neat  vamlsh  happens  to  be  best  suited  lor 
passing  Into  the  i>OTes  of  the  paper. 

Ageing  and  Heating. — Insulation  often  rap- 
Idly  deterloraies  with  age.  and  It  Is  necessary 
to  store  aamples  of  Insulation  and  teat  tbam 
after  they  have  been  stored  tor  two  or  three 
months.  The  deterioration  la  probably  due  to 
atmospheric  and  drrlog  effecta,  also  to  the  me- 
chanical atreeaes  produced  by  the  rairid  altar- 
natton  of  the  voltaic  stresa.  Insulation  la  a 
bad  conductor  of  electricity,  and.  tberetore.  as 
wou-ld  be  expected.  It  Is  a  bad  conductor  nf 
heat — a  property  which  accounta  to  a  large  ex- 
lent  for  Its  deiflHoratlon  with  age.  Tbe  higher 
the  temperature  of  the  Insulation  Ibe  lowar 
the  dielectric  strength. 

Marble. — Uarble  I*  largely  used  for  evlteb- 
boards,  and  though  preferable  lo  alate  om  ac- 
count of  Its  ahsmre  from  metallic  velna,  It  Is 
not  an  Ideal  switchboard  material.  HarbU  l> 
one  of  that  claaa  of  substances  which  ara  al- 
ways cold,  conaequeniiy  It  rapidly  condeuae 
moisture,  which  oo  a  switchboard  cavtM  Mr- 
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face  leakage.  The  mechanical  properties  vary 
iuversely  with  the  electrical  properties.  The 
specific  gravity  has  a  considerable  effect  on  the 
properties — e.  g.:  (1)  the  greater  the  specific 
gravity  the  lower  the  absorption  of  moisture; 
(2)  the  greater  the  specific  gravity  the  greater 
the  crushing  stress;  (3)  the  greater  the  spe- 
cific gravity  the  lower  the  breakdown  voltage. 
Conclusion. — Practically  speaking,  there  is 
no  piece  of  electrical  machinery  In  which  some 
Insulation  is  not  used,  yet  but  little  is  known 
about  the  subject,  nor  is  the  requisite  amount 
of  Importance  assigned  to  it.  Doubtless  many 
of  the  large  firms  have  a  considerable  amount 
of  knowledge  on  the  subject,  but  it  is  so  Jeal- 


ously guarded  that  the  average  electrical  en- 
gineer stands  but  little  chance  of  obtaining  it. 
Insulation  is  affected  by  so  many  things  that 
testing  is  a  matter  of  great  difficulty,  and 
widely  different  results  are  obtained,  the  rea- 
son or  reasons  for  this  not  being  definitely 
known.  It  is,  therefore,  imperative  that  great 
care  should  be  taken  to  make  tests,  which  are 
to  be  used  for  comparative  purposes,  under 
precisely  similar  conditions.  The  study  and 
improvement  of  insulation  demands  the  atten- 
tion of  the  scientific  electrician  and  chemist, 
not  the  practical  engineer,  who  considers  in- 
sulation to  be  fulfilled  by  wrapping  tape  round 
a  conductor. 


THE  MANUFACTURE  OF  BESSEMER  STEEL 

RAILS* 


By  FRANKLIN  E.  ABBOTT 


This  description  will  be  limited  to  the  mak- 
ing of  Bessemer  steel  for  the  manufacture  of 
rails  as  now  used.  All  reference  to  rolling 
mills  will  imply  the  mills  of  the  Lackawanna 
Steel  Co.  in  this  immediate  vicinity.  Ores  used 
at  the  Buffalo  steel  plant  come  from  Penn- 
aylvania,  northern  Michigan,  Wisconsin  and 
Minnesota,  with  the  northern  ores  in  predom- 
inance. Statistics  of  iron  ore  mining  show  that 
tully  two-thirds  of  all  rail  steel  made  in  the 
United  States  come  from  Mesaba  ores. 

Making  steel  by  the  direct  process  consists 
tn  taking  molten  iron  direct  from  the  blast 
furnaces  to  the  steel  plant  and  continuing  it 
through  the  process  of  steel  making  without 
erer  l>ecoming  solidified  till  finished.  The 
iron  is  taken  from  the  furnaces  in  ladles  hold* 
ing  about  20  tons,  from  which  it  is  poured 
into  a  larg«  mixer  holding  about  200  tons.  The 
object  of  the  mixer  is  to  make  a  better  average 
composition  of  iron,  and  hence  a  mon^  uniform 
grade  of  ste^K  Ftv»m  this  large  v^sseU  or 
mixer,  the  iron  is  drawn  into  a  ladle  holding 
about  10  tons,  and  from  this  charged  into  the 
convt?rter.  when  the  pr\H>e$s  of  stt?^l  making 
begins. 

Th<^  bK^xr:ivi:  of  tho  irx>n  in  t!ie  <v\axi»rt«ra 
«*ts  up  reactions  which  re«uU  tn 
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tion,  and  also  burns  out  silicon  and  manganese, 
but  sulphur  and  phosphorus  originally  in  the 
iron  will  remain  after  the  blowing,  and  in  slight- 
ly increased  percentage,  owing  to  reduction  of 
the  original  volume  by  oxidation.  The  blow- 
ing takes  from  10  to  20  minutes,  depending  on 
the  quality  of  iron,  and  a  skilful  operator  can 
tell  when  the  metal  has  been  sufficiently 
burned  out  by  the  color  and  dropping  of  the 
flame,  when  the  vessel  is  immediately  returned 
to  a  horixontal  position.  The  contents  of  th» 
vessel  at  this  stage  are  nearly  pure  iron. 

While  the  molten  iron  is  still  in  the  vsKSl, 
a  quantity  of  other  molten  metal  called  iqpie- 
geleisen,  containing  a  known  quantity  of  Iron, 
carbon,  manganese  and  silicon,  is  poured  Into 
the  vessel  and  is  immediately  diffused  through 
the  whole  mass;  thus  iron  is  changed  into 
what  is  known  as  Bessemer  steel.  The  steel 
is  then  poured  from  the  vessel  into  a  ladle, 
and  from  that  tapped  out  into  ingot  molds  in 
which  it  is  left  to  solidify. 

The  ingot  molds  are  cast-ircm  boxes,  open 
at  both  ends,  averaging  about  18  ins.  square* 
but  tapering  outwardly  toward  the  base.  The 
ingois  are  cast  with  these  molds  standing  np- 
rttht  oa  heavy  cast4ron  table  cars,  the  car 
•trring  as  bottoms  to  the  molds.     Ther 

I  th«i  mov>ed  forward  on  these  cars  from 
maal  plant  to  the  stripper.     The  stripper 
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Iowertul  horluntal  electrknl 
wltb  a  camblnxlcin  or  littiTB 
be  loiEol  molds  are  srBpP>»<l 
ka  automatically  booked  Into 
Ivci  at  tbe  end  of  the  molds,  made 
,  purpoM,  and  ai  the  ingot  mold  U 
'Ifea  plnnser  tumcB  do»'n,  forcing  tbe 
I  tb»  mold  through  the  open  bottom, 
t  It  itaiidiui!  upright  on  Its  o»-n  base 
ar.  With  the  Ingot  thus  cnst  and  the 
ripped  from  It,  the  proceas  ot  ateel 
U  Domplffted. 

■d-hot  Ingots  ar«  tben  forwarded,  atlU 
;  oa  tta«  aame  Iron  rara,  to  tbe  rail 
_tnv  thej  are  depoalted  In  reheating 
M  called  "aoaklng  pita"  and  left  thtre 
Igltt  to  proper  temi)eratur«>  for  rolt- 
■•  placing  ot  tngota  In  the  eonklng  plia 
LBtlally  tbe  beglnnlDg  of  the  rail  mak- 
lat  betorv  paulng  to  that  stfp  In  thr  de- 
ntil be  o(  iDierest  to  understand 
I  a«  poaalble  tbe  bebavlor  of  tbe  ateel 
Mt  ukTC  place  wbea  It  paasea  from  a 
lo  a   aolld  aUte. 

I  tbe  IhiDld  or  molten  metal  comea  Id 
vlUi  tbe  cold  Iron  of  the  mold.  It  Im- 
tf  frwae*  at  the  sides  and  base  and 
tf  toward  the  center.  The  iDterlor  U 
I  to  cool,  and  tbe  part  of  that  last  to 
ba  at  tbe  top.  Tbe  wide  contraclloo 
BMtal  undergoea  la  paaatng  from 
la  a  soltd  sute  makes  a  very  consider- 
I  or  ahrlnkags  In  Ita  volume.  As 
I  o(  Um  lagot  la  the  last  to  solidify,  the 
I  In  o(  tb«  masa  will  concentrate  at  that 
I  ttart  la  farmed  a  cavity  or  honey- 
^pgtendlng  a  few  Inches  down, 
unaoundnesa  at  the  top  ol 
I  aa  piping, 
nllarlty  that  develops  when 
I  from  liquid  lo  solid  la  segregation 
f  ot  Ita  conaittuent  elements,  especially 
I  nlpbor  and  phosphorus.  The  term 
I  wban  used  In  connection  with  th« 
characterletlca  of  molten  steel 
I  uad«r*lood  aa  tbe  drawing  away  from 
i  of  tbo  maaa  to  another  ot  surb  elft- 
p  wU)  aeparats  before  tbe  ateel  freeiea 
loUd. 

I  apparently  proceeds  In  the  same 

I  tb*  aleal   solldtfle*.      It   works  from 

r  part*  toward   ibe  eenier,  and   there 

I   Sreateat   ronr^ntratlon   ot  tbM  stv 

ibe   top   ot   the    Ingot 

^ia  last  to  eool.    There  !■  found 

t.  only  the  piping  snd  spongy 

t  ot  tbe  steel  mad«  Interior 
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by  an   overload  of  carbon   and  probably   i 
ganeso   and   also  «xc«aa]v«   sulphur   and   pfacw    I 
phoruB.      Tbla   laferlar   ateel    la   dlacnrded,   as 
will  tte  seen  further  along. 

Keeping  In  mind,  then,  tbo  sbspe  and  cod- 
dtUon  of  the  steel  in  tbo  Ingot,  we  will  ukc  up 
the  second  step,  that  of  making  ingota  Into 
rails.  As  already  noted,  tbe  Ingou  ara  placod 
in  tbe  soaking  plu,  alwaya  In  a  vertical  posi- 
tion, where  tbey  remain  from  iQ  to  IbO  min- 
utes. In  order  to  bo  brongbt  to  proper  tem- 
perature for  rolling. 

This  beat  treatment  In  tbe  soaking  plU  Tt- 
sulls  In  lowering  the  temperature  at  the  cen- 
ter of  the  Ingots,  wblcb  may  at  time  ot  charg- 
ing be  nearly  fluid,  nnd  raising  tbe  tempera- 
ture of  the  outer  part,  which  at  the  same  time 
may  be  solid  and  reduced  to  cherry  red.  Tbo 
whole  mass  la  thus  brought  close  to  ■  uniform 
and  approximately  ptasUc  condition,  wblch 
mahM  It  Ht  for  tbe  rolling  procesa. 

The  reheate<1  Ingot  Is  tben  taken  from  the 
pit,  placed  on  au  electric  conveyer  and  rushed 
forward  to  tbe  mill,  where  It  Is  turned  down 
on  Its  side  preparatory  to  eaterlnc  Ui«  rolls. 
This  Is  tbe  first  and  only  time  an  Ingot  !!«• 
In  a  borUonUl  poslUon  during  the  whole  pro- 
cess of  making  and  rebeaUng  tbe  steel.  It 
may  ba  well  to  note  here  the  great  advaalaco 
Rained  by  both  makers  and  usera  ot  steel  lalla 
In  this  modern  practice  of  alwaya  keeping  in- 
gots In  a  vertical  position,  from  tbe  time  they 
are  cost  till  the  meUl  has  been  brought  to 
proper  consistency  tor  rolling. 

In  nearly  all  spwlflcatlons  for  steel  rails 
there  Is  a  short  clause  which  roads  about  aa 
follows:  "No  bled  IngoU  shall  be  usad."  Thto 
restriction,  so  raucb  needad  In  old  matlioda. 
la  of  little  or  no  account  at  the  present  tlmo. 

In  the  early  days  of  rail  making.  It  waa  tta* 
practice  to  throw  Ingota  on  their  sides  as 
soon  aa  they  were  taken  from  Ibe  molds,  and. 
In  tact,  they  were  kept  in  that  position  tn  tbe 
reheating  furnacea.  If.  by  chance,  the  aor- 
face  cnut  at  tbe  enda  should  break  open,  th« 
Buld  roeUl  at  tbe  center  ot  tbe  mass  would 
bleed  out.  leaving  a  bole  which  would  almost 
certainly  result  In  piped  ralla. 

Tbe  longer  lime  given  under  Ike  present 
practice  for  tbe  metal  to  solldry  In  tbe  molda. 
and  always  keeping  the  Ingota  la  a  vertical 
position  In  the  reheating  turnaeea.  pracUcallr 
rllmtnales  all  poaslbllltlea  of  any  blooding,  and 
In  a  corresponding  degree  makes  a  protection 
against  gatUng  piped  raits  la  tbe  product 

When  the  Ingot  Is  tamed  down  on  lU  sidea 
for  the  first  Uma,  It  anura  tbe  blooming  roUs. 
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The  first  two  passes  are  through  two  separate 
sets  of  rolls  of  large  diameter,  operated  by 
powerful  eugiues.  The  motion  is  slow,  and 
the  reduction  heavy.  It  then  moves  forward  to 
the  next  set  of  rolls,  where  four  passes  are 
made  and  a  bloom  about  eight  inches  by  eight 
inchos,  20  to  22  ft.  long  is  completed. 

In  these  shapes,  the  size  of  the  bar  is  re- 
duced sufficiently  so  that  the  ends  can  be 
sheared  off.  Enough  metal  is  cut  from  the 
end  coming  from  the  top  of  the  ingot  to  re- 
move all  traces  of  piping  or  spongy  steel,  and 
also  removes  the  part  containing  greatest 
amount  of  segregation.  From  the  other  end, 
coming  from  the  bottom  of  the  ingot,  enough 
is  cut  off  to  make  the  end  face  square  and 
solid.  After  the  shearing,  the  bloom  is  con- 
voyed to  the  roughing  rolls  where  in  four 
passes  a  rough  form  of  the  rail  section  is 
worked  out.  From  there  the  bar  goes  to  the 
finishing  rolls,  making  four  more  passes,  thence 
moved  sidewlse  across  the  mill  floor  to  the  last 
finishing  pass,  where  the  rail  section  is  finally 
completed  to  the  minute  refinement  of  its  de- 
tailed  dimensions. 

The  block  of  steel  which  started  at  the  other 
end  of  the  mill,  about  IS  ins.  square  and  50 
ins.  long,  has  now  become  a  rail  with  a  sec- 
tional area  six  or  seven  square  Inches  and 
175  ft.  in  length.  All  this  change  has  been 
made  in  an  interval  of  eight  to  nine  minutes. 

In  a  two-high  niill.  such  as  the  one  referred 
to  in  this  papor.  the  ingot  is  continued  through- 
out the  entire  rolling  process  in  one  piece,  and 
finally  a  single  length  is  furnished  equal  to 
four  or  flvo  S:»-ft.  rails.  The  long  rail  is  car- 
ritHi  friMu  the  last  finishing  pass  to  the  hot 
saw»  where  it  Is  cut  into  standard  lengths,  ac- 
cording to  order,  cutting  one  rail  at  a  time, 
thence  through  the  cambering  rolls  to  the  cool- 
ing beds,  whei>?  the  rails  are  left  till  brought 
to  the  temivrature  of  the  atmosphere,  or  about 
TO  degrees. 

In  i^s^ing  through  the  cambering  rolls  the 
rails  are  fx>rv>LHi  into  a  curvature  with  the 
head  arching  upwardly.  That  is  to  sy*y,  if  the 
rail,  immediately  after  coming  out  of  these 
rolls,  were  made  to  rest  on  i:s  K-*se.  or  in 
the  traokman*s  parlance,  "work  wa^s.'*  the 
♦nds  would  N*  low.  From  this  sha;v>  it  wars^ 
ftrpt  to  the  opiK>site  c;;rxa;;:rt\  >nnj:";ng  the 
ends  hij:h.  then  Mok  toxiAr*!  :^o  f»rs:  shape 
and  t^r.aVo'  dra«inic  Ixaok  &if::a*«r.  in  the  (ImiI 
cvvV.ir.s.  hoaxing  :^o  rail,  when  r^liftg  (iMtly. 
v^n  :ts  Mso  ^:t>«  a  Nack  sweep  or  tli«  rt^  Hfk 

The  effort  v^n   ;vAr:   of  th*  aatU 
^^r.;  is  to  r«^^v.:atc  the  oa»%l>lfl»P 


rails  will  cool  as  nearly  straight  as  p^acti^ 
able,  but  as  absolute  straightness  is  almoit 
Impossible  to  attain,  they  are  preferably 
brought,  when  cold,  to  a  slight  back  sweep,  as 
already  described. 

There  are  two  reasons  for  having  rails  at 
their  normally  cold  temperature  with  back 
sweep  rather  than  head  sweep,  if  they  do  not 
come  out  perfectly  straight:  First,  the  cold 
straightening  work  will  be  done  mainly  on  the 
base,  thereby  escaping  the  danger  of  indenta- 
tions from  gagging  iron  on  the  running  surface 
of  the  head.  Second,  the  internal  stresses  left  in 
the  rail  when  it  becomes  cold,  tending  to  draw 
the  ends  upward,  even  after  it  is  cold  straight- 
ened, will  help  to  hold  the  joints  up  and  main- 
tain better  track  surface  when  the  rails  are  put 
into  use. 

The  rails  pass  from  the  cooling  beds  over 
live  rolls,  by  which  they  are  distributed  to  the 
presses  where  they  are  straightened,  drilled, 
finished  and  inspected,  thence  they  are  carried 
down  through  the  mill  to  the  loading  shed? 
and  finally  loaded  on  cars. 

This  completes  a  general  outline  description 
as  to  how  rails  are  made,  but  it  may  be  of 
Interest  to  return  to  some  points  along  the 
process  of  rail  making  where  greatest  diffi- 
culties are  encountered. 

When  the  spiegeleisen  is  poured  into  the 
purified  iron  in  the  vessel  Just  after  the  blow, 
necessary  ingredients  are  introduced  to  make 
it  hard,  elastic  and  ductile. 

Chemical  analyses  of  average  Bessemer  rail 
steel  as  made  at  present  for  heawy  rails  ran 
about  as  follows: 

Per  cent 

Carbon    60 

Phosphorus    10 

Sulphur    08   ' 

Silicon     It 

Manganese     1-00 

Iron     98.10 


lOMO 

The  Qiianiity  of  carbon  can  be  eontrolM  br 
The  <:rade  of  spiegel  used.  The  mmken  tM 
r.sers  of  rails  are  not  exactly  agreed  M  to 
wha:  the  limits  in  carbon  should  be.  Ai* 
;:sers  have  been  inclined  to  Increase  csrboi 
ov>ii:e::i  somewhat  faster  in  proportkm  than 
the  increa^  in  weight  of  rails.  When  a  70-Ib. 
rai^  wras  reg:arded  as  a  heavy  section,  carbon. 
in  the  $:eel.  ran  from  .S5  to  .40»  tat  vkei 
the  w^igtxs  of  rails  reached  100  Ihs.  p«  n^ 
A^^s  cartkoa  wras  called  tor,  and  Im  aooM  cim 
-"■^  «W«r  limit  TO  fixed  at  .€».    Tlw  Ugbtf 
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I  MmI.  ia^  to  SS%,  wu  »)M  cpKlfled 
■  ntUa  auch  m  SO-lb.  Btiil  S6>lb.  p«r 
Tbii  HO-lb.  rail  waa  an  iDcreaae  In 
t  ol  UBir  about  14%  over  the  70-lb., 
t%  earban  often  calle<d  for  In  tbla  weight 
■■  as  IncreaBv  o(  fully  ta^;!  of  this  el? 
Bmr  tlw  llxbtvr  Koctlon.  It  can  be  soen 
krtuilni  prop«rtlRa  w«ra  rnlted  enilr>-ly 
[  proiwrtJon  wlib  the  Increaaed  welstit, 
h*  apparent  con>«<iuvnee  was  a  Imb  sat- 
r  rail  In  tb«  hanvler  B«cilon. 

ktor  ralalng  the  carbon  was  to  get 
f  nnd  b«tl«r  wear,  wblch  In  n 
,  but  with  II  came  luOTv 
ikage.  It  was  ihan  propowJ 
I  put  ot  tb«  ua^ra  that  phoa- 
I  low«red  about  15'^,  ntuklng 
I  .085';^  Tbl8  proposl- 
tlnly  conalBtent  from  a  metal- 
I  rad  theoretical  standpoint,  bui  prac- 
1^  It  cannot  bo  obtained  becauae  of  the  ore 
Mtons. 

p  MUmatAd  that  tbe  available  .US5  pbos- 
!■  Dt— m«r  or«a  In  the  United  Statea  ore 

mtr  mull. 

I  nil  tnllla  In  UiIh  country  were  to 

>  to  nil,  from  American  orpa,  the  an- 

t  of  about  3.000.000  Ions  un- 

i  HbMptaunm  apfiRinrnilons  for   B«««e- 

,   thai  grsd«   ore   would   be   ex- 

I  provisions  could   be   made  to 

r  demand  for  rails  made  by  any 

a  kauth  steel  ts  to  succeed  Beu«mer, 

I  take  a  term  ot  years  and  tbe  eipendl- 

I  BB  saormous  sum  ot  monvy  to  build 

1   to   provide   the  steel   needed 

Before  thtn  could   be  accom- 

■f  II  li  more  than  probable  that  the  .OSS 

— f  ofg,  would  run  out.  and 

I  Inadequate  production  ol  open  hearth 
Ike  railroads  would  havt>  la  either  iiet 
^ib  a  short  nupply  or  Import  tbe  ton- 
'tlnK.  In  tbo  event  ot  Htu-h  sources  not 
lie  to  keep  pace  with  thK  drmanda, 
r  alternative  would  be  to  take  a  grade 
r  «eel  far  Infi-rlor  In  wearing  quol- 
iwknt  thmr  are  now  gelling. 
roU  thla  apparent  short  cut  to  the  end 
^HWUV  Beaaemer  rail  stect  the  makers 
tat  lb*  pboapburns  limit  shall  be  left 
•  b<MR  tor  a  number  ot  years  past,  at 
14  n  somewhat  modlBed  carbon  content 

VBtlraly  pmctlcnble  to  use  enough  car- 

b  .10'^   phonphorus  ores  to  make  per- 

■afe    and    eerrtccable    BesHiner 


steel,  and  with  that  limit  accepted,  ttie  manu- 
facluren  win  be  able  to  produce  (ood-quBlitr 
Beaaemer  steel  rails  tor  mn&r  yeara  to  com*. 

The  wear  of  the  heavier  section  mill  baa 
nut  hei-n  all  that  the  users  •xpect'.-d,  even 
with  the  proportlonalty  higher  carbon,  and 
ibey  are  loath  to  make  any  recession  in  this 
hardening  elcmi^nt.  fearing  that  by  so  doing 
there  will  still  be  greater  loss  from  rapid 
wear.  But  the  question  ot  safety  must  have 
first  consideration,  and  neither  the  makers  nor 
nsera  of  rails  will  be  JustlHed  in  adding  bard* 
enlng  properties,  to  get  iacreaaed  service  that 
will  place  the  material  anywhere  near  the  dan> 
ger  line  ot  breakage. 

So  the  question  of  carbon  and  phosphoma 
i-ootent  thot  shall  bp  used  In  Bessemer  steel 
for  rails  Is  not  fully  and  definitely  settled. 
The  phosphorus  limit  Is  substantially  fixed 
by  conditions.  The  carbon  limit  to  correspond 
Is  likely  to  be  fixed  by  more  experience.  There 
Is  a  strong  probsblllty.  however,  that  harder 
steel  may  be  used  it  the  shape  of  the  rails  la 
chsnged.  How  this  may  be  brought  about  will 
be  considered  further  on. 

Tbe  next  element  In  order  In  (ho  steel  oom- 
posltlon  is  sulphur.  Thla  is  of  little  oonao- 
quenre  to  the  user  of  rails.  Its  effect  Is  to 
make  hot  steel  dry.  or  what  Is  called  "hot 
short."  and  liable  to  pull  apart,  making  Bawa 
on  the  surface  of  rolled  shapes.  A  limit  of 
.lO'.t  can  be  handled  rerr  well,  but  It  ts  always 
to  the  Interest  ot  tbe  monntactnrer  that  it 
should  be  lower. 

Silicon  has  a  quieting  Infiuence  in  molten 
steel  when  It  Is  settling  and  coollni;  la  the 
molds  and  makes  It  dense  when  mid.  A  limit 
of  .30%  is  geaermlly  stated  In  s  peel  n  cat  Ions. 

The  qunntlty  of  manganese  In  mil  steel  will 
run  from  .SO  per  cent,  to  1.10  per  oent.  lU 
effect  Is  to  make  the  hot  steel  tongber.  over- 
coming some  of  the  bad  elfecta  ot  sulpbur, 
and  thereby  butter  adapted  to  rolling.  It  alM 
makes  the  steel  harder  and  better  for  wear, 
but  if  the  quantity  exceeds  very  much  tbe  upper 
limit  noted  It  is  liable  to  lead  to  brlttlaneaa. 

Another  clause  In  standard  rail  speclflcn- 
lions  that  Is  a  source  of  some  eontenUoa  be- 
tween makers  and  buyers  of  rail*,  reads  aa 
follows:  "SulBelent  material  shall  be  die- 
carded  from  the  lop  ot  the  lagot  to  laaare 
iKiund  rails."  trader  that  agreemeot  Uie  bay- 
era  ot  rails  ran  get,  and  do  get.  perfectly  aonnd 
steel.  Tbe  Interpretation  of  the  (ena  sMmd 
In  this  case  means  entirely  fret  froB  plptac 
or  spongy  melAL. 
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Sound  steel  rails  of  standard  composition 
are  perfectly  safe  to  use,  and  when  the  rail- 
road companies  have  exercised  their  rights 
given  by  the  specifications  in  their  inspection 
at  the  mills,  while  rails  are  being  made,  and 
thereby  obtained  sound  rails,  they  have  done 
their  whole  duty  toward  themselves  and  their 
patrons,  whose  safety  and  welfare  they  are 
bound  to  protect. 

But  the  question  arises  why  do  the  railroad 
people,  or  so  many  of  them,  come  up  with  a 
demand  for  more  discard,  in  some  instances 
asking  for  a  fixed  amount  not  less  than  25% 
of  the  whole  ingot.  It  is  not  a  question 
of  safety,  but  one  of  service.  Under  present 
apeciflcations,  the  rail  mills  must  deliver  to  the 
railroads  safe  rails,  that  is  to  say,  free  from 
the  danger  that  comes  from  piping.  They  are 
obtained  by  shearing  from  the  top  of  the  ingot 
aufflcient  material  to  insure  sound  steel. 

Then  what  would  the  railroads  gain  by 
doubling  the  discard  if  25%  should 
amount  to  that  increase?  They  might  get 
a  larger  percentage  of  better  wearing  rails 
than  they  now  receive,  but  the  gain  would  be 
purely  in  an  economical  sense,  and  not  in  one 
of  safety.  Therefore,  the  question  of  more 
discard  after  enough  has  been  made  to  insure 
sound  and  safe  rails  is  purely  a  commercial 
one,  and  can  be  disposed  of  between  the  rail- 
roads and  the  steel  companies  without  giving 
cause  for  any  anxiety  on  part  of  the  traveling 
public. 

In  addition  to  the  discard  sheared  oft  the 
bloom,  a  crop  end  is  cut  off  the  long  rail  when 
it  is  finished^  taken  from  the  end  toward  the 
top  of  the  ingot.  This  is  about  six  feet  long 
and  is  used  for  a  drop  test.  One  such  test 
piece  is  taken  from  every  blow  of  steel.  It  is 
placed  on  steel  wedge-shaped  bearings,  three 
to  four  feet  apart,  and  struck  with  a  2,000-lb. 
weight,  falling  15  feet  to  22  feet  (depending 
on  size  of  rail  tested).  The  deflection  of  the 
test  piece  under  this  drop  is  carefully  noted 
and  made  a  part  of  the  inspection  records.  If 
the  test  piece  breaks  under  the  drop,  all  rails 
from  the  blow  represented  by  that  test  must 
be  discarded. 

This  is  the  most  satisfactory  proof  of  the 
quality  and  strength  of  the  rails  that  can  be 
used.  If  the  steel  is  brittle  it  will  be  discov- 
ered by  the  character  of  the  break.  If  piped, 
that  condition  can  be  seen  in  the  fracture  and 
will  determine  at  once  whether  or  not  suffi- 
cient discard  has  been  made  at  the  shears  to 
insure  sound  steel.  If  the  metal  is  very  soft 
it  will   show   by   excessive  deflection.     It 


be  seen,  therefore,  that  the  drop  test  throws 
out  many  safeguards  against  passing  defec- 
tive or  inferior  material. 

Another  difficult  part  in  the  making  of  steel 
rails  is  in  the  section.  In  the  first  place,  it 
has  to  be  very  close  to  mathematically  correct. 
A  finished  rail  is  a  simple  looking  thing  when 
it  is  made,  but  there  are  a  good  many  dimen- 
sions besides  the  length  to  take  into  account 
in  getting  it  through  the  mill  in  proper  shape. 
The  ordinary  rail  section  is  made  up  of  17 
separate  and  distinct  dimensions,  nine  of  which 
are  duplicated,  making  a  total  of  26  to  be 
kept  in  order  and  held  in  their  respective 
places  when  the  rolling  is  under  way. 

The  section  is  continually  checked  during 
the  process  of  rolling.  This  is  done  by  a 
steel  template  made  to  exact  dimensions  of 
one-half  the  rail  divided  by  its  vertical  axis. 
The  rail  section  is  tested  on  both  sides  by  the 
same  template,  and  therefore  each  half  is  as 
nearly  like  the  other  as  is  possible  to  make  it. 
In  checking  rail  sections,  the  inspector  has  to 
guard  against  either  over  or  under  size,  and 
always  strives  to  maintain  perfect  symmetry. 
In  this  detail  a  difference  of  1-64  inch  cannot 
be  ignored  and  the  wonder  is  how  such  pon- 
derous and  coarse  machinery  as  constitutes  a 
rolling  mill  can  be  so  nicely  adjusted  as  to 
accomplish  such  fine  results.  It  is  not  easily 
done,  and  it  should  be  remembered  that  the 
turning  or  shaping  of  rolls  and  the  manipula- 
tion of  steel  through  them  when  rolling  is 
under  way,  is  the  most  intricate  part  of  the 
rail-making  process. 

Cambering  of  the  rails  is  made  necessary  to 
counteract  the  warping  that  takes  place  in 
cooling.  The  warping  is  due  mainly  to  the 
shape  of  the  section,  and  the  rail  is  rarely  per- 
fectly straight  when  cold.  Whatever  warp  or 
crook  that  may  be  left  in  must  be  taken  out 
by  cold  straightening.  This  is  done  in  a  press 
under  a  slow-motion  plunger  by  applying 
pressure  on  the  rail  centrally  between  bear- 
ings 42  inches  apart.  The  arrangement  of 
this  press  has  lately  become  part  of  a  general 
specification,  and  for  that  reason  should  re- 
ceive some  notice  in  this  connection. 

It  is  pretty  generally  conceded  by  both  rail 
makers  and  users  that  the  strain  and  torture 
that  rails  have  to  endure  in  cold  straightening 
are  the  most  severe  and  most  objectionable 
work  in  the  whole  manufacturing  and  finishing 
process.  The  impossibility  of  taking  a  bend 
or  kink  out  of  a  rail  without  straining  it  be- 
yond its  sectional  Mastic  limit  makes  the  ne- 
tm  *   ■**^tB||^  up  Internal  str^wses,  workiog 
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as  crtM  poHMMM  wltb  the  normally  cold  It  la  put  Into  Krvlce  cunot  b«  drUiilielr  d*. 
tcMloB  o(  Uw  ■t««l  uokvoldable.  To  what  lerinlD«d,  but  It  la  o&ly  r«ttaotitbl»  to  Inter  that 
•Ktrat  tb«w  n)«r  b*  harmful   to  the  rail  k(1«T      Ibvy  bare  iiome  effect. 


I 


THE  DETROIT  RIVER  TUNNEL 


ISSEtJ    rUOM    'KNOIN 


On*  or  tJM  moat  novel  and  Uiteresllng  tunnel 
work*  now  In  proKr«H  la  that  ol  the  Ulchlxan 
Cvaira)  R.  R.  tunnel  undvr  the  Detroit  Rlv«r, 
(o  vtfect  ■  direct  connection  with  Ita  Canadian 
line*  and   to  avoid   tbe   iireaenl  d«Iay   and   In- 


arch construction  from  the  shore  abafta.  and  la 
being  built  on  tbe  new  and  Intereatlng  metbo)! 
above  not»d.  la  brief,  this  conalais  ot  dredg- 
Ing  a  trench  across  tbe  rh«r,  and  laying  a  itAel 
and  concrete  Krlllage  at  Intervals  marking  th^ 


ifiT«nt«nc«  of  tbe  car-Forry  setvlcu  for  trans- 
ferrlng  tnlna  across  ibe  river. 

The  work  la  now  well  under  way.  and  the 
reccBt  commencement  ot  tbe  river  section 
mak«B  %  dvMcrlpUon  ot  tlio  work  appropriate 
■t  tbia  Ume.  Tb«  s|>eclal  feature  ot  tbe  work 
la  tB  tb*  river  seeUon.  which  will  be  bait  a 
mile  long.  ThU  U  belog  rurmvd  by  sinking 
Bie«l  ahelb  In  a  drvdged  trench  <aa  deecribed 
b«)ow>,  M  tbst  there  Is  no  actual  tunnelling 
ttBder  the  river.  Tbe  river  work  and  tbe  ap> 
pTOWili  tniUMla  are  all  lo  sUIT  blue  clay.  This 
Is  RriB  and  aolld.  with  few  pockets  or  water 
MWBS,  as  shown  by  the  teat  borings,  tt  It 
••silr  «mvated.  but  requires  heavy  timbering 
to  rsfllst  the  pressure  upon  the  sbatta  and 
dtirta. 

The  river  section  of  the  Detroit  HUer  tunnel 
I   b*   l.tSO    ft.    long   beiw<H>n    Ihe   end*    ot 


KtNO. 

Joining  ot  th«  tunnel  sections.  Steel  bulls  or 
sections  In  lengths  ol  sbout  262  tt-  eacb  will 
then  be  sunk  upon  this  founds tlon.  Each 
shell  will  form  a  portion  ot  tbe  twin  tubes, 
with  tbe  ends  temporarily  closed  by  bulkheads. 
As  each  la  deposited  In  place,  concrete  la  Dlleil 
In  benestb  and  around  It,  and  the  Joints  ore 
made  aa  described  below.  When  a  tew  ot  tbe 
sections  are  In  plac*,  some  ot  ihe  bulkheoda 
win  be  reipoved.  Ihe  water  pumped  out  and  a 
:ii-ln.  concrete  lining  put  in  each  tube,  so  that 
In  fact  the  steel  ahell  ta  simply  tbe  form  tor 
a  oisasUe  concrete  tnnnsl.  Tbs  mstbod  wms 
adopted  to  save  Ume  and  cost  aa  eompared 
wltb  the  ususl  methods  ot  subaqiMoua  tnuMl- 
Ing.  Tha  ditncultles  to  be  enccuDtsrsd.  bow- 
ever,  are  conalderabU.  eapsdally  la  vlsw  ot 
tbo  di^pth  at  wster  and  ibe  constant  IraVIe  ta 
the  rt\*t.    Tt«  co\ftv«K1  ^^  valftuMViA^  \«  >" 
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War  Department  to  obstruct  a  width  of  600 
ft.  of  the  channel  when  required. 

The  depth  of  water  is  about  50  ft.  In  the 
main  channel,  and  the  trench  has  to  be  dredged 
to  a  depth  of  30  to  50  ft.  in  the  river  bed.  The 
bottom  width  of  this  trench  is  about  48  ft., 
and  the  side  slopes  are  found  to  stand  well  at 
1  on  2.  The  material  is  a  stiff  blue  clay.  A 
dipper  dredge  was  tried  for  excavating  to  a 
depth  of  60  ft.  below  water,  and  worked  well 
as  far  as  the  actual  dredging  was  concerned, 
but  the  machine  was  not  built  for  such  heavy 
work  and  the  largest  spuds  that  could  be  used 
would  not  stand  the  pressure  and  snapped  off 
when  the  bucket  was  making  a  heavy  cut. 
The  work  is  now  being  done  with  a  dredge 
having  a  60-ft.  steel  boom  carrying  a  3-yd. 
clamshell   bucket. 

Each  shell  consists  of  two  cylindrical  tubes 
23  ft.  4  ins.  diameter  and  26  ft.  4  ins.  c.  to  c, 
enclosed  in  transverse  rectangular  diaphragms 
55  ft.  S  ins.  long  and  31  ft.  deep,  spaced  12  ft. 
c.  to  c.  These  diaphragms  rest  upon  the  I- 
beams  of  the  foundation  grillage.  The  total 
launching  weight  was  about  600  tons.  Four 
cylindrical  steel  tanks,  10x30  ft.,  were  secured 
to  the  top  by  heavy  bands,  to  furnish  the  de- 
sired buoyancy  in  sinking  and  adjusting  the 
hull  to  its  final  position.  These  are  removed 
later  and  used  on  other  sections. 

The  first  section  was  successfully  sunk  on 
Oct.  1,  1907.  This  was  at  the  Detroit  shore 
end.  It  was  held  in  place  only  by  cables,  but 
these  were  led  tp  the  drums  of  a  hoisting  en- 
gine on  shore,  so  that  the  shell  could  be  ad- 
Justed  as  the  work  progressed.  The  concreting 
scow  was  held  by  its  spuds  close  alongside  the 
shell.  Rubber  hose  attached  to  the  two  tubes 
(whose  ends  were  closed  by  air>tight  timber 
bulkheads)  and  to  the  four  tanks  were  led  to 
air  pumps  on  the  scow.  From  the  shore  end 
of  each  tube  rises  a  24>in.  stack  or  manhole. 
SO  ft.  high,  and  fitted  with  air  pipes  and 
valves.  Over  the  center  line  of  the  northern 
tul>e  was  a  steel  column,  having  the  faces 
|viiinte\l  in  red  and  white  checker  marks  to 
s>er\^  as  a  leveling  iH>le  in  determining  the 
elevation.  At  the  K>ttom  of  each  of  the  four 
bulkheads  was  an  IS-in.  valve  o|v?rated  by  a 
stem  with  a  hand-wheel  v>n  a  platform  bolted 
to  the  fa^v  of  the  bulkhoad.  A  wan  was  sta* 
tiomsi  ,^t  oiioh  platform,  and  at  a  whistle  sl^ 
nal  tho  \ahes  T<f<^re  o|>tMied  simullmtt^<Mialr« 
The  sir.kiri:  was  >ery  slow  for  soiii«  tlvMs 
fTadr,A:iv  ;ho  shv>re  end  \on  a<xi»ilttt  ''^ 
tional  xTt^lsht^  sank  mc^re  raiildl** 
c»i^«»r.  fiif»  ir3ir«*r  fi'nafnf  to  colltcf 


This  had  been  foreseen  and  three  temporary 
transverse  bulkheads  built  across  the  upper 
part  of  each  tube,  so  as  to  trap  the  air  and 
form  an  air  chamber  above  the  water  at  the 
lower  end.  Owing  to  leaks  in  the  manhole 
stacks,  however,  the  air  escaped  and  the  shore 
end  sank  quite  rapidly  until  buoyed  by  the  air 
cylinders;  the  other  end  was  partially  sub- 
merged but  still  high  out  of  the  water.  This 
plunge  caused  some  rapid  scrambling  on  the 
part  of  the  men  who  were  looking  after  the 
air  pipes,  cables,  etc.  Air  was  then  pumped 
into  two  buoyancy  tanks  at  this  end  of  the 
shell,  which  then  rose  until  the  structure  again 
fioated  on  an  even  keel,  with  its  upper  surface 
Just  awash.  On  the  next  day  the  shell  was 
sunk  to  its  bearing  on  the  foundation  grillage. 
It  was  found,  however,  to  be  about  3  ^  ins.  out 
of  line  and  2  ins.  below  grade.  By  means  of 
the  tanks  and  cables  it  was  finally  adjusted 
to  correct  position,  the  correct  elevation  be- 
ing obtained  by  means  of  shims  placed  under 
the  bearing  surfaces  by  the  divers. 

Two  more  sections  are  practically  ready, 
and  one  or  both  of  these  may  be  sunk  this  sea- 
son. Work  cannot  be  carried  on  during  the 
winter  on  account  of  the  heavy  ice  running  in 
the  channel.  The  style  of  Joints  between  the 
sections  is  of  new  and  special  design.  The 
Joint  will  first  be  roughly  bolted  up  by  divers 
by  means  of  projecting  fianges,  and  will  then 
be  sealed  by  filling  an  annular  space  3  x  IS 
ins.  with  grout  injected  under  air  pressure 
through  fiexible  pipes  from  scows  on  the 
surface.  The  details  of  the  different  parts 
of  the  construction  work  are  liable  to 
modification  in  line  with  the  experience  gained 
in  sinking  and  placing  the  first  two  or  three 
sections. 

The  approach  on  the  Detroit  side  is  3,675 
fL  long,  with  a  grade  of  2%.  This  is  steeper 
than  the  grade  of  the  Canadian  approach,  as 
the  westbound  trains  are  the  lighter.  The 
first  1.540  ft.  is  in  open  cut  with  retaining 
walls,  and  the  first  500  ft.  of  the  tunnel  por- 
tion was  also  built  in  open  cut.  except  part  of 
the  north  tube,  which  was  built  by  a  shield 
on  account  of  passing  near  the  abutment  of  a 
city  bridge.  The  center  wall  between  the 
tnbes:  was  first  built  in  a  drift,  and  formed  a 
t«ld<^  f<or  the  roof  shields  of  the  arches.  The 
eottcrele  is  placed  in  two  layers,  the  outer  and 
WMt«r  pcvrtion  beins  first  placed.     When  this 

m  m^  it  is  faced  on  the  inside  with  pitch  and 
^i»iooOBg,  nmd  the  inner  lining  then 
Nli  Mitire  ai^roftxA  will  probably 
Mclf  la  1S0S. 
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Aa  Canadlfto  aide  at  lta<^ 
.  with  n  grade  of  m^'c. 
in«l  will  coDBlst  ol  two 
I  I&  n.  c.  to  c.  Each  win 
ba<r«  ft  aMBMrcuUr  roof  nod  two  sld«  benches 
wlib  verUoil  walU.  IckvIiik  Just  room  between 
ibeae  walls  tor  the  mRxliuum  car  cl«iarance.  In 
IbcM  thick  aide  walla  are  embedded  the  vltrl- 
fl«d  coi>dalta  for  the  electric  wires.  The  floor 
ta  of  «incrvttr.  Rat.  with  dralnnge  trouKbs.  and 


having  recMMS  on  each  >td*  lo  receive  wooden 
blocka  upon  which  the  raila  will  be  laid. 

Drainage  will  be  provided  for  by  suiupa  o( 
ample  capacity  bi  ihe  loweet  point  under  the 
river,  at  the  ehartu,  and  at  (be  puriala.  The 
water  will  be  removed  by  motor-driven  pumpa. 
No  aTBieni  of  ventilation  haa  been  provldod,  a* 
the  tunnel  will  be  operated  by  electric  trac- 
tion, and  no  locomotives  carrying  Urea  or  work- 
ing steam  will  be  attowod  to  paui  through. 
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I 


INFLUENCE    ON   THE   PERFORMANCE 
OF  SUCTION- PRODUCER  PLANTS 

By  GODFREY  M.  S.  TAIT 


)  I'KitM  "CASalKRB  MAOAZINK" 


DnrlM  Uie  paat  four  years  suction  pro- 
4ar«n  have  tMen  gradually  appearing  upon 
th*  Anerlcna  market,  nnd  quite  a  largo  num> 
Ker  of  installnUoita  are  now  tn  operation,  with 
otore  or  leaa  succeu.  In  this  vicinity. 

However,  unloriunaiely  the  detects  no  tic  i-- 
aoie  In  tb«  older  type  of  pressure  producem, 
sarb  aa  variation  In  the  quality  ot  gas.  In- 
ahlllty  lo  clean  the  Are  without  Inlrrlering 
with  the  manufacture  ot  gaa.  necessliy  for 
having  a  spare  nnlt,  etc.,  are  all  more  notlc«- 
able  with  the  suction  ijiie  ihsn  with  iho 
former  typ*  ol  pressure  producers,  with  which 
a  large  gas  holder  was  usually  employed  tor 
the  purpose  ut  ateadylng  up  the  output  of  the 
InaUUatloB  and  allowing  the  gas  to  assume  a 
more  average  condition  before  reaching  the 
engine. 

AlmoM  without  exception,  some  trouble  has 
ba«a  exiwrleaced  In  every  producer  plant  need 
tor  tha  operation  of  gas  engines  from  irregu- 
larities tn  the  operation  of  said  engines,  due  to 
chaagM  In  the  gaa  beyond  the  control  of  the 
oparator.  and  It  was  with  a  view  ot  aacertaln- 
(■■  what  these  changes  were,  and  to  And,  if 
powftils.  a  remedy  therefor,  that  the  writer 
made  a  Mrlee  ot  ozperlmenU  on  the  subject, 
aail  wltb  the  following  resulla: 

Is  operating  Interna  I -com  busllon  engines 
oa  a  roBpIes  fuel,  such  as  producnr  gas  as 
nsaallr  manufactured,  analysis  of  which  I  give 
•MwwItA:    It    is    noticeable    th^t    the    heating 


value  Is  composed   of  elements  of  widely  < 
ferent   character,   such   aa   hydrogen    and   car- 
Iran  monoxide. 

Per 
CeoL 

Carbonic    acid    (COt) 6.8 

Oxygen  to.)   j,» 

Carbonic  oxide    (CO) It.g 

Hydrogen    (H.) iB,l 

Marsh   gas    iCH.l l.S 

Nitrogen    iN)     jj.T 

Total lOO.U 

T.    B.T.U.  per  cubic  foot  ot  gas  by  calo- 
rimeter  (high  value)    ISC, 

Following  the  matter  up  further,  I  made 
tile  discovery  that  the  thermal  or  calorlBc 
value  of  the  gas  employed  does  not  Deceaaarlly 
form  a  true  Index  of  the  power  valne  of  n 
gas  tor  engine  work,  and  this  was  proven  tn 
the  following   manner: 

An  Internal -com  buatlon  engine  ot  the  three- 
cylinder  vertical  type,  rated  at  100  HP.  on 
producer  gaa  containing  13.3s  hydrogen  and 
S3.S%  carbon  monoxide  (plus  a  small  per- 
centage of  marsh  gaa)  and  bavin k  a  total 
calorlflc  value,  aa  determined  by  the  calori- 
meter, ot  138  B.T.U.  per  cu.  ft.  was  (onad  to 
develop  a  tnaximum  under  the  very  beet  eondl- 
tlana  of  148  HP.     By  tbe  verr  !■*«.  «t  ta^Oi^ 
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tlons,  I  mean  with  the  fuel  in  the  producer 
free  from  clinkers  and  of  sufficient  gasifying 
depth  to  create  a  temperature  to  give  the  best 
results. 

After  obtaining  this  horse-power,  I  removed 
the  apparatus  for  feeding  steam  beneath  the 
bed  of  the  producer,  with  a  view  to  eliminat- 
ing the  hydrogen  constituent  in  the  gas.  The 
gas  under  this  condition  showed  24.3%  car- 
bon monoxide,  which  constituted  practically 
the  sole  combustible  matter  in  the  gas  (with 
the  exception  of  the  small  percentage  of  marsh 
gas  above  alluded  to),  this  gas  having  a  calor- 
ific value  of  91  B.T.U.  per  cu.  ft.  With  this 
gas  and  the  same  engine,  I  developed  114  HP. 
with  ease,  and  was  enabled  to  carry  a  load 
until  the  fire  in  the  producer  became  over- 
heated. 

I  then  employed  the  exhaust  from  the  en- 
gine under  the  fuel  bed  in  the  producer  for 
the  purpose  of  diluting  the  incoming  air 
and  reducing  the  temperature  of  the  fuel  bed. 
(In  doing  this,  I  was  utilizing  a  patented  pro- 
cess for  fiame  and  combustion  temperature 
regulation  now  very  largely  known  in  several 
industrial   fields). 

Going  a  step  further,  I  increased  the  com- 
pression of  the  engine  to  200  lbs.,  on  the  as- 
sumption that,  with  no  hydrogen  in  the  gas, 
the  tendency  to  pre-ignite  would  be  absent, 
and  the  attendant  advantages  might  as  well 
be   derived. 

With  this  arrangement  the  producer  oper- 
ated with  entire  satisfaction  twenty-four  hours 
per  day,  with  full  or  varying  loads,  while  the 
engine,  on  the  other  hand,  gave  no  trouble 
whatever,  and  there  was  an  entire  absence  of 
pre-ignition,  back-firing,  etc,  troubles  which 
had  been  noticeable  before.  In  addition  to 
these  advantages,  the  engine  developed  a 
maximum  of  126  HP.,  and  would  carry  110 
HP.  with  the  greatest  ease  continuously, 
while,  due  to  the  high  compression  and  ac- 
curate ignition  produced  when  using  a  gas 
containing  only  one  active  constituent,  the  ef- 
ficiency of  the  engine  Increased  lo«>  above  Its 
former  rating:  that  Is  to  say.  the  toul  ef- 
ficiency of  the  engine  was  26rir  under  these 
latter  conditions. 

When  it  is  considered  that  the  gas  used  in 
the  second  instance  contained  4  7  B.T.U,  less 
per  cu.  ft.  than  the  jf;^s  u^cd  in  the  former 
test,  and  that  in  the  face  of  this  the  efficiency 
of  the  cnirino  and  the  horse-power  capacity 
both  Increasivl  to  a  marked  extent,  soia«  I4«a 
of  the  importance  of  this  deduction  irill 
apprecJMte<i. 


I  found  that  this  increase  in  horse-power 
efficiency  is  due  primarily  to  the  fact  that  mix- 
tures of  gases  whose  components  burn  at  dif- 
ferent rates  or  velocities,  such,  for  instance, 
as  the  usual  mixture  of  carbon  monoxide  and 
hydrogen,  usually  known  as  producer  gas,  are 
not  well  suited  for  engine  practice,  and  do 
not  represent,  by  their  total  heating  value, 
the  amount  of  work  obtainable  from  them  in  a 
gas  engine  cylinder,  for  ignition  is  either  too 
early  for  the  hydrogen,  which  is  a  gas  of  ex- 
tremely combustible  character,  or  else  igni- 
tion occurs  too  late  for  the  less  combustible  or 
slower  burning  carbon  monoxide.  Either  state 
of  affairs  causes  a  loss  of  power,  pre-ignition, 
back-firing  or  late  ignitions. 

At  the  present  time  the  chief  difficulty  in 
operating  internal-combustion  engines  with 
producer  gas  arises  from  the  great  variation 
in  quality  of  the  combustibles  contained  there- 
in, which  necessitates  the  closest  attention  on 
the  part  of  the  operator  and  the  frequent  ad- 
justment of  the  air  and  gas  valves  on  the  en- 
gine, and  it  was  while  working  out  the  cause 
of  these  variations  and  the  remedy  therefor 
that  I  made  the  above-mentioned  discovery, 
that  the  thermal  value  of  gas  does  not  indicate 
its  power  value  in  an  engine  when  it  con- 
tains more  than  one  combustible  element, 
and  that,  owing  to  changes  in  the  temper- 
ature of  the  fuel  bed  in  the  producer  sup- 
plying the  engine  with  gas,  affected  in  turn 
by  variations  in  the  load  on  the  engine, 
it  is  impossible  to  produce  a  gas  con- 
taining fixed  proportions  of  hydrogen  and  car- 
bon monoxide;  for,  on  the  one  hand,  when  the 
plant  is  running  under  a  low  load,  the  fuel 
bed,  being  cooler,  will  allow  part  of  the  ateam 
to  pass  up  tlirongh  the  fire  without  dissocia- 
tion, merely  superheating  same,  and  this 
superheating  of  necessity  carrying  off  heat 
uniu  which  are  in  turn  lost  in  the  acmbber 
water  without  having  performed  any  nseful 
work. 

Owing  to  this  varying  quality  of  the  gas, 
the  time  of  ignition  is  rarely  accurate,  and 
this  state  of  affairs  gives  rise  on  the  one 
band  to  pre -ignitions  and  on  the  other  hand 
to  back-firing. 

It,  ther^ore.  would  seem  that  in  order  to 
secure  a  constant^  regular  and  steady  nm  from 
the  gas  engine^  only  one  combustible  element 
should  be  present  in  the  gas  used.  If  the  pres- 
•ttce  of  other  combustible  matter,  snch,  for 
oxnaiplew  as  marsh  gas,  is  nnavoidable,  the 
a^omlA  be  restricted  to  the  least  pos- 
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1  prsduoar  (m  U  tnKde.  as  hu  alrrady 
b««a  nvnUoBod,  by  Ut*  pasMce  tlirough  >  (ual 
b«d  of  ft  draft  current  contatnlnK  air  alone, 
proTl4lt4  that  thti  fuel  us«d  conslsta  larK«1)' 
of  carboa,  ancb  aa  antbracltp  coal,  chnrconl 
or  eoli«,  tha  caa  aa  produced  rontalns  oub 
OB*  conboatlbl*,  natnalj,  carbon  monoiidr. 
tbp  halasce  of  tha  caa  belos  Inert  nliroKen. 

Fn>Tid«d  all  tba  oxysBD  admitted  la  ro- 
diKvd  to  carbon  monoxide,  tbe  flnlshed  las 
•bonld  contain,  theoretically,  34.7%  of  thia 
acMioxIdv-  Bacb  per  centum  of  carbon  di- 
oxide preaeut  rodnced  to  carbon  monoxide  be* 
Inc  t%,  Inaamncta  aa  one  molecule  of  carbon 
dloxld*  contains  two  aioma  of  axygeD.  while 
f*rboB  monoxide  contains  one  atom,  and  coo- 
saavantlr  0D«-ha]f  of  the  oxygen  of  carbon 
dloildo.  In  other  worda,  one  volume  of  car- 
boa  dioxide  on  reduction  by  carbon  will  pro- 
dncw  two  volumes  o(  carbon  monoxide. 

For  the  preventloD  of  cllnkerlng  ot  the  pro- 
dneer  and  for  Ibe  purpose  of  ao-called  earlch- 
tnc  of  the  gaa,  ateam  has  hllberlo  been  used, 
misrd  with  air.  aa  the  Ideal  bloat  for  pro- 
darvra.  II  being  dnlmod  that  Ihe  sieam  In 
^tb»  blaat  supplied  a  certain  amouD[  of  oxygen 
oxyKeoatlon  ot  carbon,  wtlbuut 
Introducing    nitrogen    at    the    same 

Hrdncta  Is  produced  In  direct  proportion 
I  lh«  amount  ot  steam  decomposed.  It  has 
.  anppoMid.  therefore,  that  hydrogen,  tu 
sine  tke  baatInK  value  of  the  gaa,  incressed 
I  power  value  In  an  engine,  and  as  (or  this 
,  tho  creator  the  amount  ot  steam  em- 
.  other  conditions  being  equal,  the 
'  tba  p«r««ntage  of  hydrogen;  thus  It 
MWBed  that  a  greater  value  from  the 
vttClBe  ataadpolnt  was  obtained  In  the  gas. 
However,  as  above  mentioned,  It  will  be  seen 
that  the  assumption  that  the  greater  the  pro- 
portion  of  hydrogen,   the   greater   will   be  the 


power  developed  by  each  cubic  foot  ot  saa  In 
a  gaa  engine  cylinder,  la  orronaoos.  It  is  true 
tbat  a  gas  producer,  under  a  pure  air  btaai, 
will  generally  give  a  product  having  a  lower 
calorific  value  per  cubic  foot  than  those  op* 
erated  with  steam  and  nlr  In  conjunction;  but 
It  la  not  true  that  such  a  gaa  U  a  better  agent 
for  the  development  of  power  than  a  hydrogen 
containing  gas.  On  tbe  contrary,  It  Is  a  tar 
superior  gaa  tor  power  development  In  every 
practical  respect,  even  though  tbe  gas  so  made 
should  have  one-third  less  thermal  value  ihan 
tbat  ot  ordinary  producer  gaa;  the  very  fact 
that  the  former  contains  only  one  active  com- 
bustible, with  n  flxed  Ignition  point  and  adapt- 
able to  high  compression,  gives  It  the  prop- 
erty, as  already  mentioned,  of  developing  more 
actual  power  In  an  engine  for  reasons  above 
mentioned. 

It  would  seem,  from  tbe  writer's  experience, 
that  this  simple  change  In  the  lay-out  of  a 
producer  plant  has  brought  this  character  of 
Installation  up  to  a  par  with  steam  plants  In 
point  of  reliability,  while  at  the  same  timv. 
so  far  trom  losing  any  ot  the  acknowledged 
economies  ot  prod iicer-gas -ope raird  gas  en- 
englnes,  tbe  efficiencies  are  conslderabU  In* 
creased,  and  the  writer  feels  tbat,  as  Ur. 
Oeorge  U.  Oarru>  said,  after  Inspecting  an* 
other  Installation  ot  this  character.  "No  steam 
plant  could  have  operated  with  more  com- 
pletv  rt<giilnrlty.  and  no  more  care  was  exer- 
cised In  tbe  handling  than  that  given  by  Br*- 
meu  nnd  rnglneers  In  the  firing  ot  a  good 
Bieam  plnnc." 

It  Is  InteresUng  to  note  that  englM*  en- 
ployed  under  tbeee  conditions  operate  under 
compreaaloa  upward  ot  100  ponnds  with  en- 
tire freedom  trom  pre-lgnltlons.  proving  con- 
clusively that  In  whatever  way  hydrogen  may 
or  may  not  affect  the  pre-lgnltlons,  they  are 
not  present  In  lis  absence. 
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CALCULATIONS   FOR   HOT-BLAST  HEATING  COILS 
■The 


W~  Pomnlfts  given  In  a  recent  Issue  of 
Beating  and  Ventilating  Mngnilne"  are  as  fol- 
lowa:  Asaumlog  approximately  3d7c  of  tree 
are«  tor  the  paaaage  ot  air  through  the  colls, 
Ibe  rise  In  temperature  idegrecs  F.)  of  the  air 
passing  Ibrougb  heater. 

R=(T— t)+(V'v)  ((S/Nl+O.a*]. 
where  T  Is  the  temperature  ot  steam  In  colls,  t 
the  temperature  ot  ihe  nlr  entering  colls,  v  the 
velocity  of  tbe  sir  pssslnjt  ihmugb  th«  colls 
Is  feet  per  seooml,  ami  N  the  number  ot  rows 
■  In  tbe  depth  ot  heater.     The  num- 


ber ot  B.T.U.  ot  beat  given  off  per  square  foot 
ut  heater  coll  surface  per  hour  per  degree  dif- 
ference o(  temperature  between  Um  stenm  In 
the  colls  and  the  air  entering  same.  Is: 


B.T.U.-0.aSRV-.-N(T— 


where  V  Is  the  velocity  of  the  air  through  colla 
In  feet  per  minute.  R  aa  obtained  trom  Srst 
formula.  In  this  expression  It  Is  assumed  that 
the  colls  have  1.9  aq.  fL  ot  beating  surtace 
per  euperfldal  equare  toot  of  coll  area  per  row 
of  pipe  la  d*i(t^ 


NICKEL    STEEL 

By  E  F.  LAKE 


CONDENSED    PROM    "MACHINERY" 


Nickel  Steel  is  used  to  a  large  extent  in 
the  couBtructlon  of  high-grade  machinery,  and 
can  be  purchased  in  the  open  market  today, 
in  almost  any  percentages  of  nickel  from 
nothing  up  to  357c.  and  with  the  carbon  com- 
ponent varying  between  0.10  and  1.00%.  Thus 
it  covers  a  wide  field  of  usefulness  in  which 
greater  strength,  wearing  qualities  and  other 
properties  are  demanded,  than  can  be  ob- 
tained in  the   ordinary  carbon  steels. 

Nickel  was  added  to  carbon  steel  as  the 
result  of  investigations  which  were  started  for 
the  purpose  of  overcoming  the  "sudden  rup- 
ture* *  that  is  inherent  in  all  carbon  steel  pro- 
duct. This  property  or  tendency  of  carbon 
steel  to  rupture  is  the  subject  of  numerous  in- 
vestigations by  the  railroads  of  the  country 
at  the  present  time,  owing  to  the  many  acci- 
dents that  have  occurred  in  the  past  few 
years  being  blamed  to  broken  rails.  Nickel 
added  to  steel  largely  overcomes  this  ten- 
dency, and  we  see  it  used  successfully  for 
parts  of  machinery  that  have  to  withstand 
high  shock  and  torsional  tests,  such  as  the 
crank-shafts  and  connecting-rods  of  explosive 
engines,  propeller  shafts  for  marine  and  auto- 
mobile use,  and  other  parts  of  a  similar  na- 
ture which  have  to  withstand  similar  strains 
and  stresses. 

Nickel  gives  to  steel  one  peculiar  property, 
in  that  it  can  be  added  in  percentages  up  to 
$»  and  the  tensile  strength  and  elastic  limit 
will  be  raised  by  so  doing,  but  in  percentages 
from  S  to  15  these  become  nil,  as  a  lone  of 
brittleness  is  produced  and  no  tests  can  be 
applied,  but  at  16rv  the  strength  and  elastic 
limit  are  returned,  and  from  there  on  these 
gradually  decrease,  while  the  extensibility  in- 
creases. 

The  Qualities  of  carbon  sttvl  are  susceptible 
of  chausx^  by  heat  treatment  the  same  as  alloy 
stt*els»  but  the  higher  the  carbon  content  is, 
the  worv  HaMe  it  is  to  burn  and  thereby  r^ 
duce  its  stret\$th.  aiul  it  Is  extremely  difllcult 
to  cAs^^hATxien  steals  which  contalA 
t>on  ih^n  does  mild  st^^^l  wlllio^t 
thi'ir  jCisxl  QUAlltie^  and  strtacP 
judditfoa   of  nickel   the   t^iHlMi 


largely  overcome,  and  the  extent  to  which  it 
can  be  swayed  by  heat  treatment  is  remark- 
able. This  is  best  Illustrated  by  Table  I  in 
which  the  steel  was  given  different  degrees 
of  hardness.  Its  composition  was  as  follows: 
Nickel.  3%;  carbon,  0.30%;  maganeae, 
0.40%;  phosphorus,  0.067©;  sulphur,  0.04%. 

TABLE   I.— STRENGTH    OP   NICKEL  STEEL   AT   DIF- 
FERENT    DBQRBBS    OF    HARDNESS. 

Tensile  Elastic 

strength,  limit.  Elongation  Reduction 

lbs.  per  lbs.  per  in  2  Ins.,  of  area. 

Hardness.          sq.  in.  sq.  in.  per  cent.  per  cent 

Annealed     88.000  00.000  28  58 

Medium     hard. .  130,000  130.000  20  6 

Hard     220.000  190.000  12  37 

Very    hard 225,000  225,500  8  19 

A  good  quality,  open-hearth,  0.30%  carbon 
steel,  as  received  from  the  mill  in  the  un- 
treated state,  shows  the  same  strength  as  the 
untreated  nickel  steel  in  Table  I,  but  it  can- 
not be  raised  to  much  more  than  one-half  of 
the  strength  of  the  nickel  steel  in  its  hardest 
state,  and  even  then  it  is  much  more  liable  to 
fracture  under  shock  tests. 

Thus  annealing,  hardening  and  tempering 
steel  are  resorted  to  for  raising  the  tensile 
strength,  elastic  limit,  and  its  ability  to  with- 
stand shock  and  torsional  tests,  as  well  as  to 
put  a  fine  cutting  edge  on  tool  steels.  For  an- 
other example  of  this,  a  nickel  steel  containing 
silicon  was  heat  treated  as  shown  in  Table  II, 
and  with  the  resultant  strengths  as  shown. 

In  heat-treating  steels  for  strength,  and 
especially  nickel  steel,  it  should  always  be  re- 
membered that  hardening  by  quenching  pro- 
dues  internal  strains  which  can  only  be  re- 
moved or  destroyed  by  tempering  or  drawing 
after  it  is  quenched.  Thus  nickel  steel  can- 
not be  used  in  its  hardest  state,  and  in  which 
it  has  the  highest  tensile  strength  and  elastic 
limit,  for  crank-shafts,  connecting-rods  or 
other  parts  of  machinery  that  haye  to  with- 
stand similar  strains  and  stresses,  bat  the 
piece  must  be  tempered*  thereby  reducing  the 
strengths  and  increasing  the  elongation  in  or-' 
4»  to  reduce  the  brittleness  as  well  as  the 
Iftt^nial  strains  caused  by  hardening.  These 
Imtsraal  i^rmins  may  also  be  cmnsed  by  forg- 
lUUUMHng.  or  working,  and  Uie  best  re- 
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n-jlu   will   IM  obUlu^    If  the  Hln 
-i(tvr    rteb    Important    o|H>Tatlon. 

Tbrra  ttilDga  work  to  tbe  dolrlmenl  ol 
Mrkrl  lie*!  ktiil  abould  alwaji  b-  lakoii  iDIo 
t oiuldvniUon  wben  htrd^olOB  It.  First  It 
[i<«riy  «lir«rB  warps  In  qu«nchliis;  svcoDd  11 
tuar  bo  dAcarboDlsed  In  hMtlng;  and  Uilrd, 
Q«aiir«a  and  cracks  might  occur  In  quvnchlDg. 


It.  M.  In.    H.  la.  Dtrci 

t  umr  r ^.moaBk.a»      * 


"l.cno'.iTo.oao  lU.noo 
"i.suv.ia.mo  iss.ouu 
"i.MM  .ias.«u  ae.o» 

"i.AM/'.iiM.ouo  on.ooo 


IT 


T1t»r«  arc  Mvvrtti  rules  whlrb  can  be  fol- 
lowed li>  mlnlmlie  the  Icndrnry  of  slevl  to 
warii  In  qu«nrhlng.  If  a  plm«  In  rut  from 
Mock  Ikat  has  b«en  subjected  to  Bome  me- 
ebankal  Iroatment,  It  Is  verr  llsbl«  to  be  d»- 
fomcil  on  b«ins  b«Bied.  and  It  Is  undenlabU' 
Uwt  of  (he  deformsttAnB  nttrlbutvd  to  ihe 
kardenlnc  procesa.  a  Unte  pnrt  Is  due  to  the 
hMilIni  wtalcb  precedes  quenchlnic,  nnd  re- 
■alta  (roin  tta*  use  of  metal  which  baa  been 
Bivchanlcallr  worked.  To  overcome  this,  the 
•teel  should  be  IborouKhly  annealnl  before  It 
la  machined  to  sIk.  bo  that  the  memi  wilt  be 
In  a  state  of  repose,  and  eren  tben  the  tools 
Bsed  In  machlnlnx  mar  cause  depressions  In 
tte  iiMtal  that  will  cause  warploK  when  H  Is 
kartaned. 

In  qnenchliiB,  the  piece  should  be  Im- 
mnwod  In  the  baUi  In  the  direction  ot  lis  prln- 
dpnl  axis  of  sjrmmetrr,  so  that  the  lliiuld  csu 
eor«r  tbe  pwatMt  possible  surface,  and  It 
sttovM  never  be  thrown  Into  the  bath.  Tbus 
n  ahxft  should  be  Immersed  vertically  and  n 
■ear  wheel  perpendicular  to  Its  plane.  The 
ple<r«  vbould  also  bo  sxltAted  In  tb«  bath  to 
as  to  deatror  the  rostinK  of  vapor  whlrb 
nsiiallT  forma  sruund  tbe  piece  and  prevents 
Its  cooling   rapidly. 

To  reduce  the  tendency  to  decarhootie.  It 
la  neceasarr  >o  provide  nft'to*^  oxidation, 
ibonfore  tbe  almoaphere  wllbln  the  furnace 
■net  b«  kept  as  far  ob  poeelble  rednclnx.  and 
tbe  pieces  mtist  be  prevented  from  coming  In 
eonUct  with  the  gases. 

This  Oin  be  done  by  placing  tbe  pieces  in 
a  protecting  retort,  ur  In  using  a  metallic 
bawling  bath,  sucb  ns  one  of  lead. 

rissun^  or  cracks  which  o«-cur  In 
kardenliut      ere      rauswl      by      the      different 


paru  of  the  piece  coullug  UBaveiil), 
thus  producing  Internal  siressea  of  enor- 
mous proportions  which  sometimes  produce 
brlttleneae  and  cous»<]uently  Hasures  or  cracki, 
as  nickel  ferrltes  have  a  lower  degree  of  mole- 
cular cohesion  than  plain  ferrltes.  Tbaaa  fts- 
Bures  may  be  prevented,  by  reducing  the  rate 
of  cooling.  In  three  different  ways.  One  method 
la  to  cover  water  with  oil  from  one  inch  to 
one  Inch  and  a  quarter  In  depth.  The  second 
la  to  cool  the  pieces  In  a  batb  of  s  compara- 
tively limited  volume,  so  that  tbe  cooling  Is 
followed  by  a  slight  tempering,  and  the  third  , 
iB  to  withdraw  tbe  piece  from  the  batb  batore 
It  is  completely  cooled.  This  last  requlrM  « 
slderable   skill    to  obtain   uniform 

Nickel  steel  la  one  of  the  twst  ateela  ^ 
market  (or  gears,  whan  carbonUed, 
ent  tests  have  shown  that  2%  of  nlck^J 
to  the  ordinary  carbonising  steel  * 
and  In  eoma  esses  more  than  double,  I 
sile  Birenslh  after  carbonUlog.  and  thai 
would  prove  that  nickel  steel  should  ba  i 
for  carbonlilng  wherever  the  difference  lu 
price  will  warrunt.  It  Is  from  2  to  2^  cu. 
per  pound  higher  than  tbe  ordinary  carbonli- 
Ing  steel,  but  tbe  greater  safety  in  manufac- 
turing, and  a  consequent  Increase  In  the  num- 
ber of  spoiled  pleeet.  will  larc«lr  OTerooma 
Ibis   difference   In    price. 

If  a  2n  nlt-kel  steel  la  carbonised  SO  the  Bur- 
faca  layer  contalne  V.'r  of  carbon.  It  will  abow 
pearllilc,  wben  eiauilned.  but  If  a  T^  nickel 
Kteel  Is  uaed  It  will  show  a  surfaca  layer  that 
Is  martenslllc  with  a  core  pesrlltlc.  or,  In 
other  words,  the  perltihery  has  ihe  same  con- 
stitutlon  aa  U  It  bad  been  quenched  and  hard- 
rnnd     while    the   core    was    In    the     annaaled 

The  different  materials  used  In  carboalxlng 
have  different  effects  aa  to  the  panatratloa  of 
the  carbon  and  tbe  tlma  required  tor  a  cer- 
tain penetration 

But  a  general  rule  for  tbe  rate  ot  iMnatm- 
Hon  St  different  degrees  of  temperatnra  la  as 
follows,   the   time   being   eight   botira: 

Tempersture.  Depth  of 

In  Dega.  P.  Peoatratlon. 

1.300    0.000    Inch. 

1,*75    O.OttB     " 

i.»es   ».«» 

1,«B0  9.0MS     ** 

1.7*0  •.0» 

I.TBO  ».110 

t,UO  •.!» 

1.8S0 t-Wl       " 

t.SOO  C.1*B       " 
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Thui  it  vIU  be  Been  that  a  rise  In  temper-  not   appear.     Wbere   carbon   steel   haa   been 

kture  of  1E0°  doublet  tbe  rate  of  penetration,  used  for  automobile  axles  and  given  wajr  from 

and  In  one  case  a  rise  of  90°  has  doubled  It.  fatigue,  crystal  Illation  or  otber  causes,  heat- 

With    tbe    temperature    held    Btationary    at  treated  nlclcel  steel  bas  been  substituted,  and 

1,BG0°  the  speed  of  penetration  Is  as  follows:  bas   given   perfect  satisfaction. 
Time.                        Depth  of  Penetration. 

14    hour TABLE  in— INFLUENCE  OF  DIFFEHENT  PBRCBST- 

,,        ..                                                    n  »n    .      ..  AOES  OP  NICKEL  IN  NICKEL  STEEL. 

^                 '>-''2    Inch  TanMU  El«>tlo  Elong.- 

1      '■       0.31       "  Per  tent,  atrength,  limit    tloo  Id 

„      ,.                                              It  in       '•  <"        lb«.  per  lbs.  iwr  *.T2  In. 

*                0.40  Dlckal.       sq.  In,   Efl.  Id.  ptreent.               Treitmeol, 

4      '■                                              0  50       "  1     '■om  78.000   4S.OO0       18      wmter-lemp.  Bt  1,650*  F. 
214lo3?«   97.000   82.BIK)       ID        medium  herfl. 

6                 0.80  214103"^    80,000   08.000       »        medium   aofl. 

u       ■•                                                    1  n/i        ••  ZUtoSU   8G.0U0   00.000  23  [Q 13  msdium  bard,   BtrucUnl 

°                ^'^^  .aw  to3H   71,000   50.000  2810  18  medium   BOlt,    »tructui»l. 

The  steel   used   for  carbonizing  should  not  ^"8    102,000  74.000     is      b>rd.  '°^  ^™^°''^J^ 

contain    over    0.2%  of   carbon,   and   the    man-  i^toe      sb!ood  tu!ooo     SO      mmi'um  hard. 

lanese  component  should  be  low,  as  this  has  ^lo^e  iio'ooo'w'US     40      S^Hild  l\  I'teO-! 

a  tendency   to  produce  crystalllzatloD    In  an-  22to2G  iu!ooo  6o!ooo     35      BDaeiied  at  i|8i0*. 

nollDS.  >nd  cu»  brMl.ne,..  »«      »•'»»  =»'™     "     ■»■■"'••  "  '•'«'■ 

The   cement    used    should    be  of   a   definite  We  frequently  hear  tbe  boast  of  diSerent 

chemical     composition     which     does    not     act  manufacturers  that  they  use  2%  nickel  steel 

abruptly,  such  as  60^  powdered  charcoal  and  lor  various  parts  of  their  machines,  but  this 

40%  carbonate  of  barium,  and  two  rules  might  means   Dothing,    as    its   properties    depend    a-s. 

be  followed  In  treating;  one  being  to  cartran-  much  upon  the  carbon  content  as  on  the  nickel, 

lie  at  1,600'  r..  cool  to  1,400°,  and  Quench;  To  illustrate,  one  nickel  steel  that  Is  largely 

and  the  other  is  to  oarbonlte  at  1,8G0°,  quench  used,    and   is    the   best   for   certain    purposes, 

first  at  1,660*.  and  the  second  time  at  1.400°.  conUins   2%  of  nickel  and   0.12%  of   carbon. 

Nickel  steel   is  not  of  as  high  a  grade  as  It  has  a  high  tensile  strength  and  very  little 

nickel -chrome   steel    or    the    newer    vanadium  elongation,  while  another  nickel  steel  equally 

atMl,  but  it  stands  a  good  second  to  these.  Is  good  for  other   purposes  contains  Z%  nickel 

about  two-thirds   tbe   price,  and    Is   so    much  and  0.9%    carbon,  and  gives    a  high    tenaile- 

wsler  machined  and  forged  than  nickel-chrome  strength  with  a  great  elongation. 

at«*l  that  It  Is  used  In  proterence  to  the  higher  Table  III  shows  the  different  percentages  of 

Srades.  nickel   in  steel    turned   out  by   one    manufac- 

In  forging,  CT«at  care  must  be  taken  to  keep  turer,    and    their    strengtbs    under    different 

this  Bte«l  at  a  high  full  forging  heat  and  never  treatments. 

hammer  or  roll  it  below  this  temperature,  as  These    steels   have    percentages   of    carbon 

cracks  ara  tben  liable  to  occur.     A  gr«at  deal  lutging  from  0.10  to  1.00%,  and  those   with 

of  talk  Is  heard  among  tbe  users  of  nickel  the    highest  percentages   of  nickel  are    used 

•teel  about  its  cracking  badly  and  being  de-  mostly  lor  valves,  owing  to  their  heat-resist- 

IvcttTv,  and  It  defecta  occur  in  the  bloom,  they  \ag  powers  combined  with  a  great  strength, 

ar*  pretty  sure  to  show  up  somewhere  In  the  Sometimes  from  1  to  3%  of  chromium  Is  added 

finished  product,  but    If  tbe  steel  Is  properly  to  these  valve  metals  to  Increase  the  elastic 

tolled  and  forged  these  defects  and  cracks  will  umit  and  mineral  hardness. 


THE  NEW  ALLOYS* 


DurCns  <h«  l«$t  thro«  or  tour  year^  a  great 
nuniWr  of  o*w  metallic  alloys,  with  v«Ty  va- 
ried pn-vvrl  jtfc!k  have  appMred  upon  the  mar- 
k<Fl.  amour^'t  «hioh  wv  «.lia]l  »eWi  the  most 
ttt|y<rtAnt  and  cti-e  their  Kimpi-ttttlon. 


uiitlied  as  >  d«-oxidiiins  agent,  for  nnrefined 
^vpp^r.  in  i^e  proportion  of  1  per  cent.  The 
rvippiT  ihuf  oMained  has  an  electric  coodnct- 
I\il>  Utis  :>.&c  itiai  siven  by  sUicoii  for  de- 
Mkfdiiiny.  but  deoiiditaUon  is  very  easy  by 
M>M«  Pa*K«.  acd  very  economicaL 

Pli<wo-E^ertri<-     Wires      iCn  =  98.55.    3n  = 
!.«•,  SIbi#.#»>   aK  enjoyed  lor  telephones 
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W*-  Tliey  wltbiuuid  the  eff«cu  of 
Dcb  bMur  ItiBa  pnra  coppw,  tbough 
Irlc  condncUvlty  1»  only  twu-dribi 
ir*  copfMr.      In   preparing  this  nltoy 

toUllf  tacrlllced.     Conwauenily   ic 
ttlst  beyond  tracM  Id  the  alloy. 
>      (Cn  -=  •8.S2,      Zd  =  12.81,      N1  =i 
H  O.'O   Is  a  kind  of  white  metal;  ii 

tor  (tlTcr. 

Me  BealiUnce  Metnt  (Cu^SS.  Fe  = 
I)   U  a  «ul(sUtut«  for  Uernian  silver. 

for  rMlstance  boxea  tor  electric 
•Dta:  specific  electric  refllatiinco  U 
Itba  to  I.G-lOOtha  tbnt  of  copper. 
In  (Co  =82.12.  N1  =  2.S»,  Fe- 
■  l&.Ol)  la  alao  utlUted  for  realalancv 
1  owea   to  Ibe  preeence  ot   nickel   a 

toslon  point  and  extremely  low  co- 
t  lemperature. 

•of  Metal  <Cn=S2.  Zn  =  2,  Sn^S, 
I  particularly  useful  for  paper  works 
I  blaulpblte  procesB  Is  employed  for 
IT«  ot  pulp.  As  a  mattcir  of  tart,  It 
roof  against  weak  or  diluted  stronft 
»pt  nitric.  wb1c4i  quickly  atUcks  It. 
MvUl    (Cn  =  4».S4.  Zn  =  34. 37,   Nl  = 

•■  9.11,  Fe  =  O.SKI  Ifl  whltvr  tban 
mm.    wblcb    It    Cftn    often    replace, 


itaousti  len  eaiiy  to  work.  It  i>«rfectly  wlth- 
Masda  the  effect  of  salt  water  and  air.  Cans** 
quentlr  It  la  chiefly  utiliied  tor  niarlne  en- 
Klnaa. 

Aluminum  silver  iCu^JT.  Zn  ^-.  20,  Nl - 
SO,  Al  —  3)  Is  a  white,  very  tenncloua  metal. 
wtatch  remalna  brtsht  In  nlr,  and  ndvao- 
taseunsly  replacea  atucl  whenever  there  la  dan- 
ger of  ru*t. 

Tempered  Lead  (Pb^SS.Gl.  8b  —  0.ll. 
Sn -.  ii.US,  Na=1.3)  Is  manufactured  by  pUu> 
Ing  imnll  traKmunlH  of  audlum  In  the  mvltea 
metal.  Tbla  alloy  U  not  to  aott  as  lead,  and 
can  be  rolled  Into  thin  theetn  without  leerloi. 
Mlien  the  percenlase  of  sodium  Is  rathnr  great, 
leralahlng  la  prevented  by  coating  the  metal 
with  paraffin.  ThuR  formation  of  soda  Is  pre- 
vented, owing  to  oxidation  of  the  eiceaa  ot 
sodium  by  atmospheric  oiyitcn.  For  thU  res* 
Bon  It  U  valued  tor  the  manufacture  ot  shaft 
bearlngn.  because  the  aodn  formed,  as  tbe 
bearings  wear  sway,  saponlOea  the  lubricant 
and  produces  a  soap  wblcb  nets  even  belter 
than  the  oil. 

Alkali-Proof  MeUl  Is  Iron  with  L%  to  10% 
nickel.  All  alloys  containing  tine.  Un,  lead. 
alumlnnm,  antimony,  or  silicon  are  readily 
attacked  by  caustic  alkalies. 


^JERALS  IN  UNDERGROUND  WATERS 


FROU    ' 


^^^^paracterlBiicB  of  underground 
^^^HllBlr  upon  Ibe  composition  ot 
^^^HUch  they  have  come  In  cun- 
tu  bom  point  to  point  according  to 
idlUona.  Tbe  composition  of  the 
(  only  indicates  tbe  rhnracter  of  the 

determines  the  uite  to  which  partlc- 
n  may  be  put.  In  tart  a  knowledgR 
■Iflcance  of  the  mineral  constituents 
Iter  is  essential  to  a  proper  npprecl- 
He   value  and   the   llmiuilons   ot   Us 

water  analyses  made  In  the  labors- 
ke  United  States  (Geological  Survey 
I  tbe  following  elements,  whose  slg- 
•ad  effects  sre  briefly  described  In 
ring  paragraphs'. 


SCIKNTiriC    PRBSfl   ■ 


silica,  a  constliueui  at  a  grvat  varleiy  of 
substances.  Is  present  In  large  amouaia  In 
nearly  all  rocks  except  lluieetoaee  and  la  con- 
tained In  measurable  quantities  In  nearly  all 
underground  waters.  The  amount  ordinarily 
hold  In  waters  Is  too  small  to  be  Injurloui  to 
health  or  objectionable  In  the  majority  of  In- 
dustrial processes;  but  the  mineral  forms  a 
part  of  boiler  scale  and  on  this  account  11  la 
undesirable  In   waters  used   tor  steam-making. 

Iron  U  a  constituent  of  moat  rocka  and  Is 
dissolved  to  a  slight  extent  by  percolatlDg 
water.  Pour  or  Ave  parts  per  mllUoD  of  thla 
■ubstanco  render  water  unpalatable,  and  two 
or  three  parts  per  million  are  dlsUnctly  rec- 
ognisable by  taste.     The  Iron  Is  generally  pre- 
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cipitated  on  exposure  of  the  water  to  air, 
forming  a  brownish  coating  on  the  sides  and 
bottom  of  the  containing  vessels  and  a  scum 
on  the  surface  of  the  water,  but  leaving  the 
water  itself  almost  free  from  iron  at  the  com- 
pletion of  the  process.  Water  containing  much 
iron  is  very  objectionable  in  laundries,  bleach- 
eries,  textile  factories,  and  paper  mills,  because 
the  element  distinctly  discolors  white  fabrics 
and  interferes  with  the  coloring  of  tinted  va- 
rieties. In  the  manufacture  of  fermented  bev- 
erages iron  produces  a  dark-colored  brew  that 
is  unattractive  in  appearance.  Iron  also 
causes  trouble  in  water  pipes  by  the  develop- 
ment of  micro-organisms  that  secrete  this  sub- 
stance and  form  a  reddish  slimy  deposit  that 
clogs  small  pipes  and  frequently  is  discharged 
through  faucets.  Iron  forms  part  of  the  scale 
in  boilers,  though  the  amount  that  may  be 
present  is  small  in  comparison  with  that  of 
other  incrustants. 

Aluminum  is  a  constituent  of  practically  all 
rocks  and  forms  a  large  proportion  of  shales. 
It  unites  with  lime  to  form  boiler  incrusta- 
tions. It  is  relatively  inert  and  is  harmless  to 
health  in  the  small  amounts  that  are  ordin- 
arily present. 

Calcium  is  present  in  a  great  variety  of 
rocks.  It  is  one  of  the  chief  ingredients  of 
limestones  and  consequently  it  predominates 
in  waters  draining  such  deposits.  It  causes 
great  trouble  in  boilers,  where  it  forms  a  de- 
posit that  seriously  affects  their  efficiency.  If 
carbonates  predominate  in  the  water,  the  de- 
posit is  a  soft  bulky  sludge  that  is  not  truble- 
some  if  It  is  frequently  removed  by  **blowing 
off.'*  If,  however,  sulphates  are  present,  a 
hard  scale  is  formed  that  clings  tenaciously  to 
the  surfaces  on  which  it  is  deposited. 

Magnesium  is  commonly  associated  with  cal- 
cium in  rocks,  but  generally  occurs  in  smaller 
amounts.  Although  its  compounds  are  more 
soluble  than  those  of  calcium  it  is  usually 
present  in  ground  waters  in  smaller  quantities. 
It  is  a  more  objectionable  constituent  of  boiler 
waters    than    calcium.      It    forms    denser    and 


harder  scales,  especially  when  precipitated  with 
calcium  carbonates,  with  which  it  unites  in  a 
hydrated  incrustation  that  is  as  hard  as  porce- 
lain. Its  compounds  are  also  readily  decom- 
posed, so  that  the  acid  radical  attacks  the 
boiler-plates. 

Calcium  and  magnesium  are  always  present 
in  underground  waters  and  are  the  chief  bases 
in  the  drainage  from  limestone  regions.  They 
are  the  so-called  * 'hardening"  constituents,  and 
for  general  industrial  uses,  especially  in  laun- 
dries, textile  mills  and  soap  factories,  where 
they  form  an  insoluble  soap  and  thereby  grreatly 
increase  the  consumption  of  the  detergent.  In 
dye  works  the  alkaline  earth  compounds  inter- 
fere with  the  coloring  matters. 

Sodium  and  potassium  occur  in  nearly  all 
rocks  and  are  present  in  greater  or  less 
amounts  in  ground-waters.  The  compounds 
of  these  two  elements  form  no  part  of  the 
scale  in  boilers  because  they  are  readily  solu- 
ble in  waters,  hot  or  cold.  On  the  other  hand, 
on  account  of  the  acid  radicals  which  accom- 
pany them,  they  are  the  cause  of  foaming  and 
corrosion.  Strong  solutions  of  the  carbonates 
cause  foaming,  but  are  not  specially  corrosive. 
The  sulphates  often  associated  with  the  alka- 
lies are  both  foaming  and  corrosive. 

Chlorine  has  an  important  corrosive  action 
whatever  base  may  be  associated  with  it 
Water  contaning  over  100  parts  per  million 
of  chlorine  is  poor  for  boiler  purposes.  In 
water  for  drinking  chlorine  is  harmless. 

The  total  solids  in  a  water  depend  largely 
on  the  character  of  the  rock  it  traverses  and 
the  intimacy  of  contact  of  the  percolating 
waters  with  it.  They  are  lowest  when  the 
waters  have  just  entered  the  rocks  and  high- 
est when  they  have  been  imprisoned  for  a  long 
time.  They  are  smallest  in  porous  quartx 
sandstones  and  highest  in  fine-grained  shaly 
rocks,  through  which  waters  pass  with  diiB- 
culty.  In  general  it  may  be  said  tliat  the 
smaller  the  amount  of  dissolved  mineral  mat- 
ter in  the  water  the  better  it  is  for  steaming 
and  for  general  industrial  purposes. 
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"St  may  become  a  very  Borious  item 
ii'h  we  railuT  loost'ly  denuiiiinato  as 
Ion  are:  Ob^olfscviuv.  Inudequacy. 
Decay. 

•»t  may   become  a  vory  seriuuH  Item, 
>een    found    in    the    ele<*tric    lighting 
and  iu  neglect  has  led  and  may  N^ad 
passed  dividends, 
uary   is  also   important  and    hard    lu 

estimate.  Here  comes  in  the  iiueii- 
rlglnal  layout.  The  plant  may  Ixavc 
gned  to  meet  present  needs  and  hon- 
istructed  but  manifestly  inadequate 
arge  Increase  in  business.     Some  in- 

we  are  sure  to  encounter  sooner  or 
eu  the  plant  was  originally  laid  out 
e  not  warranted  at  the  outset  of  the 
».     We    are    continually     having     tu 

question  of  inadequacy   in   our  dis- 

■yatema.  While  some  mains  may 
aore  than  ample  in  capacity,  others 
1  to  be  Inadequate.  In  other  words. 
less  has  developed  as  a  whole,  and 
llatricts  has  developed  along  lines  as 
ot  expect,  leaving  us  with  a  surplus 
In  directions  we  had  estimated  for 
ally.  Finally  we  have  physical  de- 
fortunately,  laymen  and  some  ac- 
(  are  too  apt  to  think  that  this  last 
y  Item  to  be  really  considered.  Here 
the  theory  that  if  you  have  assumed 
uture  a  certain  average  life  of  plant, 
arry  that  estimate  back  over  the  past 

9  it  apply  to  present  values  of  plant 
J    determining    the    expired    average 

10  establishing  a  ratio  of  depreciation 
to  the  plant  as  it  at  present  exists, 
rauld  be  more  fallacious.  If  the  de- 
I  estimate  had  been  the  same  as  that 
»ted,  it  would  still  remain  to  analyze 
Dts  and  compare  item   by  item   with 

as  found  by  experience  and  by  ex- 
I  of  the  plant  and  accounts.  For 
we  might  have  estimated  an  average 
I  years  for  the  mains,  taking  into  ac- 
»  question  especially  of  Inadequacy; 
I  we  come  later  to  apply  that  esti- 
the    present   condition   of   plant,    we 
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might  tind  that  the  business  had  not  dovel* 
oped  as  had  bet^n  assu-med,  that  the  growth 
had  been  along  Huom  not  before  contemplated, 
and  that  these  districts  had  been  covered  by 
new  mains  and  that  the  mains  af<  originally 
laid  were  still  adequate,  and  being  cast  iron 
pil)e,  well  laid,  they  were  not  obsolete,  and 
showed  practically  no  physical  de<'ay,  the  con* 
dition  as  to  Joint  leakage,  etc.,  having  been 
maintained   by   efllcient   current   repairs. 

Furthermore,  any  unamended  original  es- 
timate will  be  upset  by  reinvestments  of  de- 
preciation fund  in  new  plant  for  extensions; 
while  if  depreciation  is  cared  for  by  sinking 
fund,  the  working  value  of  plant  is  not  neces- 
sarily the  original  value  minus  the  estimated 
depreciation,  as  that  would  mean  that  depre- 
ciation is  evenly  spread  and  evidenced  over  all 
the  years  of  plant's  life.  If  such  were  the 
case,  there  would  be  no  need  of  any  estimates 
in  connection  with  depreciation. 

On  the  other  hand,  a  plant  might  be  found 
which  was  in  perfect  physical  condition,  but 
which  was  greatly  reduced  in  value  by  reason 
of  obsolescence  or  inadequacy. 

Here  is  where  the  appraisal  of  a  plant  by 
a  man  really  expert  in  the  business,  expert  as 
a  constructor  and  an  operator,  comes  in  to 
clear  up  questions  to  date.  Such  an  appraisal 
can  give  the  actual  present  value  with  regard 
to  obsolescence,  inadequacy  and  physical  de- 
cay. As  to  the  two  first  elements,  the  expert 
can.  through  the  exercise  of  his  trained  judg- 
ment, in  connection  with  a  study  of  the  plant 
and  the  business,  arrive  at  the  truth.  As  to 
the  last  element,  he  may  not  be  able  to  see  all 
working  and  hidden  parts,  but  by  a  thorough 
examination  of  the  plant,  supplemented  by  a 
close  scrutiny  of  the  methods  followed  in 
operation,  including  repairs  and  current  re- 
newals, he  can  very  closely  appraise  the  value 
as  to  this  element. 

Having  disposed  of  the  elements  of  obsol- 
escence and  inadequacy,  a  man  really  expert 
as  a  constructor  and  o|)erator  may  well  dis- 
cover that  certain  of  the  parts  of  plant,  al- 
though erectrd  some  years  before,  art*  as  good 
as  new.  and  in  some  special  cases  he  may  find 
parts  which  he  would  prefer  to  the  equivalent 
apparatus  ihew  vv\tvVvik«i^\«.     K^^  %n>^\  >^«t^ 
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Ib  absolutely  nothing  in  this  statement  in  op- 
position to  the  proposition  that  provision 
should  be  made  for  equalizing,  as  far  as  pos- 
sible, the  cost  of  depreciation  over  all  the 
years  involved.  Anything  like  a  full  compre- 
hension of  this  important  and  puzzling  sub- 
ject must  at  once  convince  that  for  its  solution 
is  required  not  only  the  best  efforts  of  the 
thoroughly  competent  constructing  and  oper- 
ating engineer  and  manager,  but  also  the  best 
efforts  of  the  thoroughly  competent  account- 
ant. 

It  is  evident  to  any  practical  man  who  has 
really  studied  the  subject  of  depreciation  that 
no  general  rules  can  be  followed  in  the  prep- 
aration of  a  depreciation  life  table,  for  neces- 
sarily this  Is  in  each  case  a  matter  of  estimate 
baenpd  upon  an  expert  consideration  of  present 
conditions  as  to  character  and  condition  of 
plant  and  future  conditions  as  to  care  of  plant, 
methods  of  accounting,  changes  in  the  art  and 
growth  of  the  business;  and  as  to  the  future, 
in  addition  to  probable  physical  deterioration, 
as  before  said,  we  must  particularly  consider 
the  probable  offects  of  obsolescence  and  in- 
adequacy. Furthermore,  the  table  as  origin- 
ally made  up  should  be  modified  and  corrected 
as  conditions  demand  from  year  to  year. 

These  being  the  facts,  it  is  all  the  more  im- 
portant that  the  life  table  as  mathematically 
devoloi>ed  should  correctly  represent  the  as- 
sumptions Included  in  the  general  life  esti- 
mates, and  that  we  should  not  add  to  our 
difficulties  by  introducing  errors  of  theory. 

On  page  117  of  "Lecture  Notes  on  Some  of 
the  Business  Features  of  Engineering  Prac- 
tice"* uv^pears  the  following: 

**lt  is  well  here  to  draw  attention  to  a  mis- 
take which  is  sometimes  made  in  estimating 
the  average  life  of  a  plant.  Take  the  case 
we  have  already-  considered  and  the  calcula- 
tion might  be  as  follows: 
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ity  table  that  it  would  require  only  1.358  per 
cent,  of  the  total  value  of  the  plant,  that  is, 
$6,790,  set  aside  each  year  at  4  per  cent,  com- 
pound interest  to  rebuild  the  plant  as  a  whole 
at  the  end  of  the  35  years  of  life.) 

I  then  show,  step  by  step,  that  $6,790,  the 
amount  that  would  be  sufficient  under  a  4 
per  cent,  compound  interest  sinking  fund  plaji 
to  redeem  $500,000  in  35  years,  if  left  undis- 
turbed, would  not  be  sufficient  to  provide  for 
the  renewals  of  the  several  parts  of  plant  in 
accordance  with  the  assumed  life  table. 

Although  this  part  of  the  subject  was  so 
covered  at  considerable  length,  I  now  find  that 
it  is  advisable  to  go  further,  and  especially 
to  answer  two  questions  which  have  been 
asked. 

Some  say:  "Why  should  anyone  expect 
suoh  a  calculation  to  give  the  average  life?" 

Others  say:  "While  it  is  apparent  that 
this  process  does  not  give  the  correct  result, 
why  does  it  not  do  so?" 

As  to  the  first  question,  I  can  only  suggest 
that  those  who  have  fallen  into  the  error  have 
done  so  by  confusing  this  case  with  other  cases 
not  so  complex. 

For  Instance,  if  we  had  25,000  castings 
weighing  10  pounds  each,  50,000  castings 
weighing  15  pounds  each,  100,000  castings 
weighing  25  pounds  each,  etc.,  we  could  find 
the  average  weight  of  the  500,000  pieces  by 
the  process  shown  above.  Or,  if  we  had  25,- 
000  yards  of  cloth  costing  10^  cents  a  yard, 
50,000  yards  costing  15  cents  a*  yard,  100,000 
yards  costing  25  cents  a  yard,  etc.,  we  could 
find  the  average  cost  per  yard  by  the  same 
process. 

This  answer  replies  to  the  first  question, 
but  makes  the  difficulty  of  those  asking  the 
second  question  all  the  greater;  they  now 
say.  **If  this  calculation  is  correct  in  the  case 
of  averaging  weights,  costs,  etc.,  why  is  it  not 
correct  for  averaging  the  life  of  a  plant?" 

The  reply  is  that  the  process  would  be  cor- 
l^ect  if  it  covered  all  the  elements  of  the  propo- 
sition and  was  correctly  applied. 

To  Nnter  follow  the  several  points  involved, 
loi  u>  ov^nsider  this  process  of  averaging  in 
:ho  c:\se  of  a  plan  for  meeting  depreciation 
\^::^.ou;  ;he  aid  of  interest  accumulation.  In 
:h:>  Co  so  If  certain  parts  of  the  plant  valued 
At  $25,000  are  to  be  renewed  in  10  years,  then 
each  ^-e«r  we  must  lay  aside  to  meet  the  de- 
preciation of  these  parts  V»  of  $25,000.  And 
so  we  would  require  '/«  of  $50»000.  y.  of 
|100»006»    tte.     Tte    total    amoont    required 
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««ch  year  would  then  be  |17»619,  derived  as 
follows: 

1.  10  of  25.000=^2,500 

1- 15  or  50,000  =3  3.333  1/3 

1  25  of  100.000  ^^4.000 

1/35  of  150.000^4.285  5/7 

1  50  of  175.000  -^  3.500 


500.000      17,619 

But  if  the  correct  average  life  were  P. 5 
yearH.  the  total  amount  required  each  year 
would  then  be  (omitting  interest,  remember) 
5OU.00O-:  35  -  1 1  4 .2S5.7 1 . 

Now  let  ufl  see  why  35  years,  and  $14.- 
2S5.71.  derived  therefrom,  are  not  correct. 

If  we  are  to  find  the  average  life  of  the 
plant,  we  must  state  our  proposition  so  as  to 
include  all  the  dollars  involved  in  the  full  50 
year»  period.  For  instance,  during  the  50 
years  we  have  to  take  care  of  Parts  "A."  $25,- 
OOu.  five  times,  for  these  parts  have  to  be  re- 
newed ever>*  10  years.  So  for  all  parts  we 
shall  have  to  consider  the  number  of  times 
they  will  have  to  be  renewed  during  the  50 
years  period. 

Bearing  this  point  in  mind,  the  proposition 
stated  on  page  117  of  the  Notes  will  then  take 
this  form: 
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In  explanation  of  the  above  table  It  is  seen 
that,  having  calculated  the  total  number  of  dol- 
lars required  during  the  50  years  for  each  cIuhs 
of  plant,  we  then  in  each  case  multiply  by  the 
number  of  years  during  which  each  dollar  (or 
the  plant  which  the  dollar  pays  for)  does 
duty.  Thus  we  obtain  the  result  nhown  in 
column  No.  ti.  namely,  the  "dollar-years." 

Dividing  now  the  total  dollar-years  by  the 
total  dollars  tu  be  provid«Hi  during  the  oO 
years,  we  have  25.000,000  :  Sh0.9.*i2  2S.37S:i 
years,  as  the  true  average  life  of  the  plant 
represented  originally  by   luUO.ooo. 

If  our  result  is  correct,  the  amount  required 
•Ach  year  to  cover  depreciation  (omitting  in- 
terest) should  be  the  total  number  of  dollars 
to  be  supplied  during  the  50  years  divided  by 
§0  —  that  la    880,952.38:- 50  ^$17,619:    and 


it  should  also  be  the  original  value  of  plant 
divided  by  2k.37h:s,  the  average  life  of  plant; 
that  is,  500.000  :  28. 37h3  $17.«19.  And, 
without  considering  the  question  of  average 
life,  we  have  already  found  that  to  replace 
each  year  */,.  of  $25,000.  V„  of  $50,000,  V«  of 
$100,000.  V.  of  $150,000.  and  '  ^  of  $175,00U 
requires  $17,619. 

So  we  And  that  if  the  pro<*eHs  indicated  on 
page  117  is  correctly  stated,  performed  and 
applied,  we  get  a  true  average  life  of  28.3783 
years,  requiring  an  annual  payment  from 
profits  of  $17,619.  to  provide  for  deprecia- 
tion without   interest  accumulations. 

To  guard  against  possible  misconception  as 
to  the  iio-called  average  life  of  plant  in  con- 
nection with  the  sinking  fund  method  of  pro- 
viding for  depreciaiion,  we  may  well  consider 
in  a  little  more  detail  the  difference  in  this 
respect  between  the  compound  interest  sink- 
ing fund  pro<i>KS  and  the  direct  method  in 
which  is  set  aside  each  year  the  actual  amount 
of  estimated  depreciation. 

In  the  case  we  have  l>een  cfmsidering — re- 
ferring to  page  116  of  the  "Nutt>s"  and  Table 
"B"  to  follow — we  find  that  the  amount  re- 
quired to  care  for  depreciation  of  the  $500.- 
000  by  the  4  per  cent,  compound  Interest  sink- 
ing fund  scheme  is  $10,163.50.  which  is  2.03 
per  cent,  of  the  $500,000;  and  this  2.03  is  al- 
most exactly  the  per  cent,  required  to  redeem 
the  total  original  cost  of  the  plant  In  27% 
years,  provided  the  sinking  fund  is  not  dis- 
turbefl:  and  furthermore,  this  per  cent,  is  suC- 
flclent  to  pay  for  the  recurring  renewals  of 
the  several  parts.  "A."  "B."  "C,"  "D**  and 
*'B.*'  in  accordance  with  the  life  table  assumed. 

But  we  have  seen  by  the  calculations  made 
in  these  supplementary  notes  that,  by  the  di- 
rect ftiethod  of  i«ettinK  aside  each  year  the 
actual  amount  of  depreciation,  the  true  aver- 
age life  is  2S.:i7s:t  years.  In  this  particular 
cast^  these  two  figures,  27*4  and  2s.:t7S3,  are 
HO  nearly  the  same  that  one  might  be*  led  to 
suppose  that  they  should  Xh*  in  actual  agree- 
mt^nt.  and  that  the  difference  is  due  to  lack 
of  exactness  in  the  compound  interest  calcu- 
lations. A  lilt  if  thought  will  show  that  an 
agre^Muent    should  not   here  1k»  looktnl  for. 

In  the  direct  method  we  are  arriving  at 
a  true  average  life — that  is.  the  "average  life'* 
Is  the  number  of  years  elapsed  when  the  plant 
will  have  deprerlated  an  amount  equal  to  the 
first  ro.-'t.  and  henf*«*  necessarily  the  numt>er 
of  vt^ars  when  the  accumulated  payments  to 
cover  dfpr«M*lstion  will  have  amounted  to  the 
first  cost  of  plsnt. 
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Whoreas,  in  the  compound  interest  sinking 
fund  Bcheme,  tlie  average  life  (if  we  permit 
oursoIvoH  to  use  this  term)  simply  means  the 
number  of  years  required  for  a  certain  an- 
nuity to  accumulate  to  an  amount  equal  to 
tlio  llrst  cost  of  plant,  provided  no  witli- 
drawiiis  are  made;  the  amount  of  this  annuity 
with  its  interest  accumulations  being  such, 
however,  that  when,  from  time  to  time,  it  be- 
comes necessary  to  make  withdrawals  to  cover 
depreciation  in  accordance  with  the  provi- 
sions of  the  scheme,  there  will  always  be 
found  In  the  fund  a  sum  sufficient  to  meet 
these  recurring  demands. 

Uy  the  direct  scheme  (no  interest)  the  ac- 
<:umuIution  of  annual  payments  in  the  fund 
must  necessarily  be  equal  at  the  end  of  any 
Vf^nr  to  the  accrued  depreciation.  By  the  com- 
pound interest  scheme  this  necessarily  would 
nevj^r  be  the  case  unless  a  time  was  reached 
when  nil  the  parts  of  plant  expired  at  the 
ttame  time. 

For  instance,  in  the  life  table  now  under 
eonsidenition,  there  is  always  an  overlapping 
of  the  life  periods  of  the  several  parts  of  the 
pbuit.  and  so  thero  will  never  be  in  the  fund 
itutileieut  to  meet  the  total  Jiocrued  deprecia- 
tion. thouKh  there  will  always  be  enough  to 
uifH^t  the  requlrenu'Uts  ay  to  each  part  of  the 
plant  as  It  Ims  to  be  renewed.  This  means 
ihrtt  when  th*s  overlapping  oC  life  period  oc- 
curs, at*  11  probably  always  would  in  praciitv, 
ihe  lonuumnd  interest  sinking  lund  scheme. 
5siviv'ii>  ^peaklu):.  is  only  applicable  lo  ihe  case 
of  a  plant  i>peratlng  in  perpetuity. 

I\>  illnsiraie:  On  pages  Wl  and  12'o  of  ihe 
•  Ni't.s"  ii  is  shown  thai  by  the  sinking  fund 
8chor.)e  we  >bould  have  in  the  sinking  fund 
at  the  end  of  :»0  years,  after  making  all  pay- 
ment^ rovnared  (or  the  renewals  of  parrs  A." 
"H."  0.^  *  n  ■  and  -K.*'  i:>4.1i>:v  The  cal- 
culations are  then  made  to  show  wha:  sho-jld 
bo  the  cui-rv.ed  sinking  fund  l:ab'.'.*.:>  ou  ao- 
wi;n;  ot  the  depnviation  of  i\sr:s  "H"  and 
"P.*  '.ho  ,Mr.y  par;s  the  li\os  o:  wV.-.i.^  overlap 
Ihe  :^0  \.\ 's  ;"tV.ided  i:;  '/.o  t;iV:e  *.:  :s  shown 
I  hat  :**.«^  -^  >f\r.s*  sivK::i?;  i".:*.-!  :-.a>:".'.'^  ov.  v-irti- 
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It  is  thus  seen  that  the  compound  interest 
sinking  fund  scheme,  and  the  simpler  scheme, 
which  eliminates  interest  accumulations,  are 
essentially  different  in  operation.  In  connec- 
tion with  the  sinking  fund  scheme  the  term 
"averago  life"  is .  misleading,  whereas,  by  the 
direct  scheme  the  true  average  life.  If  desired, 
can  be  determined  by  the  method  shown  In 
this  supplementary  note. 

To  further  illustrate  that  the  true  average 
life  (as  far  as  it  can  be  true»  based  upon  esti- 
mate) will  not  be  the  same  as  the  time  during 
which  a  sinking  fund  scheme,  if  undisturbed, 
will  accumulate  the  total  value  of  plant,  we 
may  add  a  2  per  cent,  and  a  6  per  cent,  sink- 
ing fund  scheme  to  the  life  table  already  used. 
To  make  the  comparison  more  apparent,  I  will 
include  in  the  one  table  these  two  schemes, 
the  original  4  per  cent,  scheme  and  the  direct 
scheme  which  entirely  eliminates  interest: 


TABLE  "B." 
Amount  to  be  set  aside  each  year  Vj 

. cover  depreciation. 

6  per         4  per  2  i>er         O  i)er 

cent.         cent.  cent.          ceti\^ 

sinking  sinking  sinking          na 

fund.        fund.  fund.  Interest. 


04 


Ji  c 


Value 

of 
plant 

in$ 


10 
lo 
25 
35 
5l> 


125.000 
50,000 
100.000 
150.lK» 
173.UI0 


value      of 


A 

B 
C 

D 
E 

Total 
plant  and  to- 
tal annual  pay- 
ments   500.0lK>. . 

Annual  payments 
in  per  cent,  of 
plant   value    

Years  required  to 
redeem  total 
value    of    plant. 


1.806.75  2,082.25  2.2S3.25  2.500.00 

2.148.00  2,497.00  2,&>1.50  3.333.33 

1.823.00  2.401.00  3.122.00  4.000.00 

1  ,,345.50  2.037.00  3.000.00  4.28571 

002.00  1.146.25  2,068.50  3,500.00 


7.S15.25    10.163.50    13.365.25    17.619.W 


1.563 


27.05 


2.03 


2.673 


27.73         28.2 


3.524 


2S.378 


<Qi^.)»S!3T 


It  is  thus  seen  that  as  the  interest  rate  of 
the  sinking  fund  increases  not  only  will  the 
annual  depreciation  payment  be  reduced  in 
amount  but,  if  we  stipulate  that  in  the  mean- 
time no  withdrawals  shall  be  made  as  in  fact 
called  for  by  the  life  table,  then  the  time  re- 
quired ;o  accumulate  the  total  value  of  plant 
will  a!so  bo  rexluced. 

This  stvr.::ng  contradiction  is  the  result  of 
this  s::v.;!.-:ici;.  necessarily  introduced  for  this 
t  i  \\\  <  .  v'  :v  ;■  t:  r  is  on .  For  we  must  remem  ber 
■,h.s:  :V.t  ;iiuo-n:s  actually  withdrawn  to  meet 
V.»:::;^:  ^:  Vre^:A::v>ns  rA."  "B.-  "C.'-  "D"  and 
v:  .V.  ;..vvrd  wi:h  :he  life  table,  will  be  the 
>.s:v<'.  :..  -.v..^::-.-:  what  the  sinking  fund  rate 
of  *.v,:trt>: .  .".~i  as  we  assume  that  these 
,^:v..  .  ■.^  ;.:-  .V  \<:i\  vz.  the  fund  and  allowed 
lo  .'.*v-:v  .■...:  :^r  -tciier  the  rate  of  sinking 
^.:v..*  :j.'.;r.-<:  .^t  ^irejier  will  be  the  tendency 
of  •.^.c>**  A,\.;r::-.:'.ri::o;:s  :o  reduce  the  lime  in 
whu-:;   :i:c    ;o:,/i    ^-^'.-e   of   plant   will   be   pro- 
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It  to  true  that  there  is  another  factor  in- 
Tolved  in  this  comparison  of  so-called  average 
llTes,  though  no  reference  to  it  Is  apparently 
called  for  by  the  comparative  flKures  above 
glren.  So  where  the  factor  Just  explained 
tends  to  shorten  the  so-called  average  life,  thid 
second  factor  here  tends  in  a  minor  degree 
to  lengthen  it. 

That  is,  the  higher  the  sinking  fund  rato 
of  interest,  the  smaller  will  be  the  sinking 
fund  liability  for  each  part  l>etween  the  sev- 
eral withdrawal  dates;  therefore,  the  slower 
the  act  iimulation  and  a  consequent  tendency 
botmiH*n  withdrawal  dates  to  lengthen  the  sci- 
called  average  life.  While  this  tendency  ceases 
for  each  part  at  its  withdrawal  date,  the  ten- 
dency If  nlways  in  force  with  some  of  the 
part!>.  and  therefore  always  afTects  the  scheme 
as  a  whole. 

I  may  avail  myself  of  this  opportunity  to 
answer  another  question  which  seems  to  have 
puzsled  a  number  of  the  class:  "Why  com- 
plicate the  problem  of  depreciation  with  ques- 
tions of  compound  IntereHt :  why  not  each  year 
take  out  of  profits  for  plant  whii-h  will  have 
to  be  renewed  in  10  years,  '  ,«  of  Its  cost. 
for  plant  which  will  have  to  be  renewed  in  15 
years,  */„  of  its  cost,  etc.,  and  then  let  the 
Interest  on  the  depreciation  fund  be  absorbed 
year  by  year  Into  the  profits?" 

ThU  Is  exactly  the  case  I  have  covered  in 
the  sixth  paragraph,  page  129,  beginning: 
"The  simpler  and  more  usual  arrangement.'* 
I  aUo  refer  to  this  plant  on  pages  138  and 
139.  The  objiH'tion  is  the  larger  amount  re- 
quired In  the  fln«t  instance  to  cover  th«»  an- 
nual depreciation  charges. 

We  have  seen  that  by  the  more  dinn't 
method  it  would  require  $17,619  a  year  taken 
out  of  proftcs,  whereas  by  the  4  per  cent,  sink- 
Ins  fund  scheme  it  would  require  only  IIO,- 
jiJ3.S0:  that  Is.  3.524  per  cent,  of  the  cost 
of  plant  instead  of  2.03  per  cent,  of  coat. 

This  diflrereuoe  miKht  prohibit  the  adoption 
of  the  simpler  plan,  especially  In  the  ear!y 
days  of  a  new  venture. 

1  am  chiefly  concerned  to  convince  you  that 
depreciation  should  be  provided  for  out  of 
profits,  and  I  have  therefore  shown  the  n*'- 
cesslty  of  accurately  estimating  the  deprecia- 
tion and  the  manner  in  which  the  nieann  may 
be  provided  for  m<*eting  the  item  of  loss  with 
the  least  burden  to  the  business. 

I^t  me  also  euiphaHize  the  point  that  if  a 
certain  portion  of  the  profits  are.  year  by 
year,  invested  in  plant  extensions  to  cover  de- 
preciation,  we   must   be   careful   to   keep   our 


account H  so  that  there  will  be  no  exruKe  of- 
fered for  issuing  additional  bonds  or  capital 
stock  HKainst  these  additions  to  plant,  for  by 
this  method  we  have  simply  made  good  the 
depreciation  of  certain  parts  of  plant  by  add- 
ing other  parts. 

As  far  as  gas  companies'  practice  is  con- 
cerned, too  much  stress  has  been  laid  upon 
the  sinking  fund  method  of  financing  deprecia- 
tion. 1  confess  that  1  may  have  erred  In  this 
direction.  In  my  addn'ss  as  President  of  tho 
American  Gas  Light  AsHociation  (1K99).  I 
laid  particular  stress  upon  the  necessity  for 
some  systematic  provision  b«*ing  made  to  meet 
depreciation,  and  I  then  discussed  the  sinking 
fund  method.  I  was  partly  led  to  this  by  the 
desire  to  Interest  those  who  might  look  upon 
the  full  burden  as  too  heavy  to  be  at  once 
assumed.  But  in  this  case,  as  in  every  other 
In  which  I  have  written  or  spoken  on  this 
subject,  1  have  never  neglected  to  point  out 
that,  if  the  depreciation  fund  were  reinvested 
in  plant  extensions,  the  interest  on  these  in- 
vestments by  one  means  or  another  must  be 
added  to  the  depreciation  fund,  so  showing 
that  the  sinking  fund  payment  m'as  not  the 
full  cost  of  depreciation.  In  my  earlier  efforts 
to  arouse  interest  in  this  subject.  1  was  more 
interested  In  the  practical  and  engineering 
features  of  the  problem  and  not  so  much  in 
the  accounting  feature.  I  was  then  satisfied 
to  state  what  I  considenM  the  principles  which 
govern  rather  than  to  lay  stress  upon  the  de- 
tails of  accounting. 

Attempts  have  been  made  to  cover  the  sub- 
ject of  depreciation  by  tables  showing  the 
length  of  life  for  earh  class  of  plant.  It  Is 
true  that  in  some  rases  in  connection  with 
these  tables  warnings  have  been  given  to  the 
effect  that  ssuc-h  tables  are  only  of  general 
value  and  should  not  b«*  blindly  accepted  mith- 
out  revard  to  local  conditions.  Such  tables 
are  no  doubt  of  some  value  when  used  by 
thoso  competent  to  form  independent  judg- 
ments. 

Arguments  as  to  the  cost  of  depreciation 
have  also  been  based  upon  comparisons  of 
costs  i>er  thousand  of  repairs  and  current  re- 
newals. As  I  have  repeatedly  stated,  the  cost 
of  depreciation  must  be  considered  in  connec- 
tion  with  the  declared  cost  of  these  items,  but 
hcn»  any  fair  comparison  cannot  l»e  made  un- 
less we  have  analyz»«d  the  chanicter  of  the 
work  performed  and  the  methmis  of  account- 
ing follnw«sl  in  each  case. 

Before  closInK  let   me  say  a  word  as  to  the 
necessit>  of  creating  a  n*s«»rve.  over  and  aLbi<\^<& 
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depreciation  reseire,  to  coTer  the  fluctuations 
in  prices  of  materials  and  labor,  extra  hazards 
of  the  business,  contingencies  which  cannot 
be  estimated  on. 

Let  me  bring  this  much-extended  paper  to 
,A  close  by  summarizing  some  of  the  more  im- 
]K>rtant  features  to  be  considered  in  connec- 
tion with  this  all-important  subject  of  depre- 
dation. 

First,  let  it  never  be  forgotten  that  any  life 
table  employed  must  of  necessity  be  based 
upon  estimate. 

That  being  the  case,  the  life  table  should 
be  corrected  and  amended  from  year  to  year 
as  required  by  changes  in  limiting  conditions. 

The  probable  amount  of  physical  decay  will 
depend  upon  original  design  and  construction 
and  methods  pursued  as  to  maintenance. 

The  estimate  on  each  life  period  must  be 
based    upon   consideration   of  probabilities   as 


to  obsolescence,  inadequacy  and  physical  decay. 
In  the  life  table  each  class  of  asset  must  be 
treated  by  itself,  and  each  class  of  asset  must 
be  provided  for  as  to  renewal,  and  each  re- 
peated renewal  within  the  period  set  by  the 
longest  life  included  in  the  table. 

The  cost  of  depreciation  must  not  be  con- 
fused with  figures  obtained  by  considering 
the  financial  methods  to  be  employed  in  caring 
for  depreciation.  In  any  case,  the  annual  loss 
will  be  the  total  cost  .divided  by  the  net  total 
effective  years  of  service. 

If  the  loss  is  covered  by  a  sinking  fund,  then 
the  interest  accumulations  must  be  recognized 
as  part  of  the  cost. 

The  cost  of  repairs  and  current  renewals 
must  be  taken  into  account  in  considering  the 
cost  of  depreciation,  and,  all  other  things  be- 
ing equal,  the  more  complete  the  former  the 
less  costly  the  latter. 


THE  EFFECT  OF  VANADIUM  IN  STEEL 

By  E.  T.  CLARAGE 

FROM     "THE     IRON     TRADE     REVIEW  " 


Vanadium  is  not  a  new  discovery.  Its  ex- 
istence was  known  as  far  back  as  a  century 
ago  under  the  name  of  "erythronium."  It 
was  not  until  thirty  years  later  that  it  was 
again  found  and  given  its  present  name. 

About  40  years  ago  Sir  Henry  Roscoe  is 
credited  with  having  obtained  the  pure  metal 
and  learning  something  of  its  properties,  par- 
ticularly its  ability  to  combine  with  oxygen. 

Until  recently  it  has  been  classed  as  one  of 
the  rare  metals,  although  it  has  been  used  ex- 
perimentally in  steel  since  about  1902  and  it 
was  also  used  in  small  quantities  by  the  Eng- 
lish wire  drawers  some  18  years  ago.  It  was 
found  in  such  small  percentages  in  combina- 
tion with  other  metals  that  the  cost  of  re- 
ducing it  made  the  price  prohibitive.  Even  up 
to  a  year  ago  the  price  has  been  ten  dollars 
a  pound  or  over.  A  large  deposit  has  re- 
cently been  discovered  in  South  America  as  a 
sulphide,  and  although  the  present  cost  is  a 
little  more  than  half  the  price  of  silver,  it 
may  be  possible  that  as  the  demand  increases 
the  cost  may  be  still  further  reduced. 

For  many  years  it  has  been  an  axiom  that 
phoyphorus  and   sulphur  were  the  two  deadly 


enemies  of  steel.  The  wonderful  science  of 
chemistry  is  only  a  little  over  a  hundred  years 
old  and  its  application  to  the  art  of  steel 
making  dates  back  not  much  more  than  half 
that  period. 

The  most  advanced  metallurgists  have  Just 
begun  to  appreciate  that  there  are  other  ele- 
ments which  are  much  more  harmful,  and 
which  have  rarely  been  computed.  The  two 
exceedingly  elusive  gases,  oxygen  and  nitro- 
gen, are  usually  present  in  small  quantities 
in  all  forms  of  steel  and  the  presence  of  either 
one  is  exceedingly  harmful. 

In  the  Bessemer  process  the  carbon  in  the 
iron  is  burned  out  by  forcing  an  immense 
quantity  of  air  through  the  molten  mass,  the 
oxygen  combining  with  the  carbon,  and  the 
other  constituent  of  air,  or  nitrogen,  nearly 
all  passing  off  without  producing  any  kind  of 
an  action. 

Unquestionably  a  certain  amount  of  the  ni- 
trogen gas  remains  in  the  steel.  In  fact,  an 
analysis  will  show  the  largest  amount  of  this 
gas  in  Bessemer  steel,  a  smaller  amount  in 
open  heart li  and  a  very  much  smaller  amount 
In  crucible  steel.     This  is  probably  the  reason 
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a  cntdble  steel  is  mucb  superior  to  the 
open  hearth,  even  though  the  carbon, 
saneee,  phosphorus,  sulphur  and  silicon 
be  the  same  in  each. 

e  Talue  of  the  Bessemer  process  to  the 
i  la  almost  beyond  calculation,  yet  in  the 

of  recent  discoveries  and  developments 
11  eventually  be  considered  as  only  a  step 
e  process  of  evolution,  and  unless  modl- 
>r  areatly  improved  it  will  certainly  have 
re  way  to  the  open  hearth  method, 
nadium  even  in  very  small  doses  has  the 
irty  of  combining  with  both  oxygen  and 
gen  at  high  temperatures.  In  fact  it  acts 
purge  or  cleanser  in  driving  them  out  of 
Qeial.  So  powerful  is  its  Influence  on  ni- 
n  that  one-half  of  one  per  cent,  is  suffl- 

to  eliminate  nitrogen  entirely.  In  intro- 
ig  this  amount,  about  one-half  of  the 
dlum  will  be  found  in  the  steel  and  the 
nee  of  even  one-tenth  of  one  per  cent, 
le  finished  steel  is  a  guarantee  that  the 
gen  haa  been  separated  from  the  steel  and 
n  out. 

e  effect  on  oxygen  is  the  same,  but  this 
»t  nearly  so  important  as  we  have  other 
I  less  expensive  material  which  will  take 

of   the   oxygen    under   ordinary   circum- 


uiganese  is  a  de-oxidizer  and  metallic 
inum  is  still   more    effective.      Theoreti- 

229  parts  by  weight  of  manganese  will 
»ine  with  100  parts  of  oxygen  (Mn,.  Og) 
»  113  parts  of  aluminum  will  combine  with 
ame  amount  (Al,  O.K  The  peculiar  value 
lumlnum  is  in  the  fact  that  when  intro- 
d  into  the  melted  steel  in  Just  the  right 
ortions  it  psases  into  the  slag  or  flux  as 
•  of  aluminum,  combining  with  silicon  to 
-n  It  to  its  original  state  of  flnely  divided 

and  leaves  no  trace  of  itself  or  oxygen  in 
iteel. 
e  analysis  of  nitrogen  in  steel  is  theoreti- 

very  simple,  yet  it  is  a  very  dlfllcult  an- 
B  to  make  and  quite  beyond  the  ordinary 
list. 

r  liberating  the  nitrogen  and  combining 
tiydrogen  gas.  ammonia  is  formed,  ammo- 
being  14  parts  by  weight  of  nitrogen  and 
rts  hydrogen  (NH,).  The  amount  of  ni- 
pn  in  the  resulting  ammonia  can  be  easily 
)Uted.     But  these  two  gases  will  only  com- 

under  certain  conditions  which  are  very 
>ult   to   attain. 

>  addition  to  Its  chemical  action  on  nltro- 
and  oxygen,  vanadium  also  produces  an- 
r  result  which  has  been  called  a  mechan- 


ical action,  although  it  is  more  properly  an- 
other   chemical   combination. 

Under  the  microscope  a  piece  of  hardened 
steel  which  has  been  surface  polished  and 
etched  will  show  the  hardening  carbon  in  the 
form  which  has  been  called  martensite  and 
which  in  a  piece  of  pure  carbon  steel  will  be 
found  in  irregular  splotches.  Prof.  Arnold  to 
of  the  opinion  that  vanadium  combines  with 
carbon  to  form  a  double  carbide  of  iron  and 
vanadium  which  may  account  for  a  part  of 
its  physical  effect. 

The  microscope  reveals  beyond  question 
that  the  presence  of  this  alloy  causes  a  dif- 
ferent arrangement  of  hardening  carbon*  it 
being  more  uniformly  knit  together  through- 
out the  mass. 

The  physical  characteristics  of  vanadium 
steel  are  higher  tensile  strength,  (breaking 
point)  higher  elastic  limit  (stretching  point) 
and  resistance  to  fracture  from  successive 
shocks. 

F.  W.  Harbord  in  his  last  edition  of  met- 
allurgy of  steel  says  a  nearly  pure  iron  and 
carbon  steel  containing  about  1.10%  carbon 
has  an  elastic  limit  of  about  60,000  lbs.  and 
a  tensile  strength  of  about  120.000  lbs.  per 
sq.  In.  He  states  that  as  small  an  amount  as 
O.H'r  vanadium  has  raised  the  elastic  limit 
to  86,000  lbs.  and  the  tensile  strength  to 
134.000  lbs.  He  reports  the  effect  of  0.3% 
in  the  same  steel  as  giving  152J0OO  and  0.6% 
190.000  lbs.  tensile  strength,  the  last  having 
an  elastic  limit  of  nearly  130,000  lbs.  per 
sq.  in. 

Nearly  all  recent  experiments  have  been 
made  with  open  hearth  steel  in  which  phos- 
phorus and  sulphur  ran  as  high  as  0.03  or 
0.035.  which  is  way  above  the  limit  even  In 
ordinary  low  priced  tool  steel. 

It  must  not  be  supposed  for  an  instant  that 
vanadium  is  a  miraculous  substance  which 
will  neutralize  the  effect  of  phosphorus  and 
sulphur,  and  the  steel  maker  or  consumer  who 
is  led  astray  on  any  such  idea  still  has  hto 
troubles  ahead  of  him.  It  Is  a  fundamental 
fact  that  results  obtained  with  any  combina- 
tion having  iron  as  its  base  will  be  in  direct 
proportion  to  the  amount  of  phosphorus  and 
sulphur  present. 

We  now  come  to  the  most  interesting  feat- 
ure of  vanadium  from  the  standpoint  of  the 
tool  steel  maker. 

A  hundred  and  flfty  years  ago  when  the 
steel  maker  knew  nothing  about  chemistry,  he 
found  simply  by  experiment  that  certain 
Swedish  irons  make  the  best  steel.     This  b«- 
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oame  tradition,  and  to  this  day  we  are  still 
guided  by  it.  These  Swedish  ores  are  found 
in  a  remarkable  state  of  purity  and  are  smelt- 
ed and  reflned  entirely  by  the  use  of  char- 
ooal  as  a  fuel  in  order  to  prevent  the  iron 
taking  up  any  sulphur. 

It  is  possible,  starting  with  the  purest 
American  irons,  to  eliminate  phospljorus  and 
sulphur  to  a  great  extent,  in  fact  American 
Iron  can  be  produced  as  low  in  these  impuri- 
ties as  the  best  Imported  iron.  Nevertheless 
there  is  a  distinct  difference  In  the  quality  of 
tool  steel  made  from  them.  The  old  steel 
maker  will  tell  you  that  the  Swedish  irons 
have  the  "body"  and  it  Is  a  fact  that  only  a 
few  pounds  used  with  the  American  iron  will 
have  a  noticeable  "toning  up"  influence. 

Prof.  John  W.  Langley  tells  me  that  he 
made  an  exhaustive  study  of  this  subject  some 
16  years  ago  and  that  he  found  that  the  best 
Swedish  irons  were  practically  free  from  nitro- 
gen which  was  always  present  in  the  American 
irons.  As  this  is  the  only  difference  he  could 
find  between  the  two,  he  was  obliged  to  think 
that  nitrogen  was  the  element  which  was  re- 
sponsible for  the  different  results. 

The  German  technical  paper,  "Stahl  und 
Bisen,**  recently  gave  the  results  of  some  de- 
terminations on  the  Influence  of  nitrogen  In 
iron  made  by  H.  Braun.  who  discovered  alter- 
ations In  the  physical  properties  of  the  metal. 
An  iron  wire  of  the  composition  of  COS*",  car- 
bon and  0.02 Trr  nitrogon  was  nitrated  with 
dry  ammonia  gns.  After  nitrating,  the  per- 
centage of  nitrogon  was  found  to  be  O.UtXT'^;, 

The  original  wire  stood  15  or  16  deflections. 
The  nitrated  wire  was  unable  to  stand  more 
than  two  or  throe. 

Curiously  enough  we  are  only  beginning  at 
this  late  date  to  discover  The  reason  for  the 
Sweittsh  iron  being  so  much  more  free  from 
this  element.  Prof.  Ho^e  in  his  "Motallurcy 
of  Sti^r*  <:hmVs  of  v.'tuadium  and  sa>-s  that 
Sefstrom  dtsoovored  it  In  the  bar  iron  and  re- 
finery s^ags  from  The  Taborg  v;?wodish)  ores 
He  states  further  that  Kiloy  has  found  0.6S6  .• 
of  It  in  the  oast  iron. 

Mr.  ,1  Kon:  S;r.'th,  vho  is  a*,  r resent  oon- 
necJOsi  wi^V.  tV.c  prod-.u-f.on  of  vanadium  in 
America.  Is  *;;:»> '«^*'  •'^'^  sa>*.nc  thr.t  his  first  ox- 
peri  or.,  o  >ft::V.  >.»r.a.l:;;r.*.  was  in  a  r'^ece  of 
$tio,v.sV.  ir*^-.'.  x^^■.^•^.  >.,-i,1  **,or.o  romarkab*.? 
g\NN'.  \^»^7V  Ho  Ir.rtV.cr  states  that  this  tron 
vvrii.'i.v.tv.    a    ^or.sUU^raV'o    ar.-.0',:nt    of    Tanad* 


lum  and  adds  that  most  Swedish  irons  contain 
some. 

In  the  light  of  present  developments  It  is 
evident  that  the  finding  of  vanadium  In  the 
slag  was  evidence  that  it  had  performed  iu 
remarkable  function  in  carrying  off  nitrogen 
and  oxygen,  and  its  presence  in  the  refined 
irons  was  a  guarantee  that  there  was  no  more 
of  these  elements  present. 

There  is  certainly  a  great  field  for  this  alloy 
in  open  hearth  and  Bessemer  steel  where  Its 
cleansing  effect  is  most  needed,  but  if  tool 
steel  Is  made  fro  mthese  pure  high  grade 
Swedish  irons  the  purging  action  has  already 
taken  place  and  there  is  little  or  nothing  to 
be  gained  along  the  same  lines  by  adding 
more. 

It  is  a  well  known  fact  that  a  low  grade 
tool  steel  deteriorates  much  more  rapidly 
under  successive  hardenlngs  than  a  high  grade 
product.  The  process  of  hardening  itself  is  a 
tremendous  shock  to  the  material  as  a  result 
of  the  sudden  contraction.  One  of  the  most 
Important  results  from  the  use  of  Yanadium 
is  that  the  resistance  to  dynamic  strains  or 
shocks  is  greatly  increased.  Therefore  a  tool 
steel  made  from  these  Swedish  irons  which 
contain  even  traces  of  vanadium  will  outlast 
the  ordinary  low  priced  tool  steel  many  times. 

I  do  not  mean  to  say  that  vanadium  will  not 
be  used  in  tool  steel.  In  fact  it  has  other 
properties  which  may  make  it  eventually  a 
substitute  for  tungsten  in  the  manufacture  of 
high-speed  steel,  when  the  cost  is  such  that 
it  can  be  used  in  larger  proportions. 

Man  has  accomplished  wonders  in  combin- 
ing the  elements  synthetically  in  imitation  of 
nature,  but  there  remains  much  to  be  done. 

The  diamond  is  simply  a  f<nin  of  pure  car- 
bon, but  its  production  in  the  laboratory  has 
not  yet  been  accomplished  in  a  commercial 
wa>'. 

We  are  obliged  to  admit  that  there  are  pro- 
cesses in  nature's  laboratory  that  man  can 
not  ixr. it-ate  or  even  faintly  comprehend. 

Nature  effected  a  combination  of  vanadium 
and  iron  in  the  Swedish  ores  millions  of  years 
ago.  and  at  the  same  time  was  kind  enough  to 
'v.rn:sh  then:  almost  free  from  phoephoras 
and  su*?hur. 

The  :«>r:  s:e«:  maker  who  makes  use  of  the 
be-st  rr.xv'.r:  v^'f  nature's  laboratory  can  be 
reasx^r. *>■'.>  >.:re  of  the  quality  of  his  pro- 
di:o:. 


THE  DESIGN  OF  WATER-COOLING  TOWERS 


KIIOM     "THE    ELECTRICAL    ENOLNEER  "    (LONDON) 


Previous  to  calculating  the  size  and  capac- 
ity of  a  cooling  tower  It  will  be  advisable  to 
determine  the  type  of  tower  to  be  used.  For 
this  purpose  a  brief  description  of  standard 
towers  follows.  Of  course,  to  fit  any  excep- 
tional case  a  combination  of  different  types 
could  be  etrected,  but  this  is  not  advisable,  in 
view  of  the  extra  coKt  of  altering  makers*  pat- 
terns, etc.  Water-cooling  towers  can  be  di- 
vided into  four  classes  or  types.  Each  type 
or  combination  of  types  has  its  own  sphere  of 
usefulness,  according  to  duty,  locality,  etc.  A 
certain  kind  of  tower  may  be  chosen,  set  to 
work,  and  duly  condemned  as  useless, 
•olely  because  it  was  erected  in  a  wrong 
position,  or  that  it  cannot  be  extended, 
•Cc.,  when  a  tower  of  similar  design  with 
•Usht  modifications  would  have  been  an  effi- 
dent  and  useful  addition  to  the  plant.  All 
designs  of  cooling  tow^ers  are  based  on  the 
power  of  air  to  evaporate  water  and  absorb  It 
ss  vapor.  The  amount  of  moisture  air  is  able 
to  absorb  varies  according  to  the  dryness  and 
temperature  of  the  atmosphere.  On  a  cold 
dajr  the  efficiency  of  a  cooler  Is  increased,  but 
when  misty  the  efficiency  is  decreased.  As. 
generally,  it  is  cold  when  misty,  the  weather 
factor  can  be  neglected. 

Construction. — All  towers  of  different 
makes  are  designed  on  very  similar  lines.  In 
all  the  water  Is  delivered  into  a  trough  from 
20  ft.  to  30  ft.  above  the  ground  level;  from 
this  trough  it  either  flows  or  trickles  down 
through  the  cooling  or  water  stack.  This 
cooling  stack  extends  'from  the  distributing 
trough  down  to  ground  level,  and  is  fitted 
with  rough  unplauod  boards  inclined  to  tin* 
horizontal,  so  that  the  water  trickles  from 
one  to  the  other,  and  is  broken  up  for  great- 
est contact  with  the  air.  One  make  of  towor 
is  fitted  with  curved  splash  bars,  arranged  lu 
such  a  manner  that  the  water  does  not  pour  or 
trickle,  but  falls  on  the  curved  bar  and  re- 
bounds. This  splashing  and  rebounding  di- 
vides the  drops  into  many  minute  particles. 
thus  more  intimately  mixing  the  air  and  wa- 
ter. In  some  designs  the  stack  consists  of 
earthenware  pipes,  and  in  some  metal  grlllH 
and  mats. 

Tower  or  Chimney  Cooler.  Natural  Draft. — 
This  pattern  is  the  most  commonly  used,  es- 
peclaJly    where   space   is   not    limited.      There 


are  no  fans,  all  the  power  required  is  for 
pumping  the  water  into  the  distributing 
troughH.  Above  the  water  stack  is  a*  wooden 
chimney.  This  chimuey  varieH  from  20  ft. 
to  50  ft.  in  height,  making  a  toul  tower 
height  of  from  40  ft.  to  8U  ft.  Around  the 
lower  part  of  tower  or  cooling  stark  are  louvre 
boards,  which  serve  a  double  purpose  of  keep- 
ing the  water  from  splashing  out  and  deflect- 
ing the  air  on  to  the  falling  water.  The  aver- 
age ground  space  occupied  Is  one  square  foot 
for  every  60  gals,  of  water  cooled  per  hour. 
One  advantage  of  this  type  Is  that  the  vapor 
carried  off  Is  set  free  at  a  considerable  height 
above  ground  level,  and  is  not  likely  to  cause 
a  nuisance. 

Underground  Chimney  Coolers.  Natural 
Draft. — Of  the  same  construction  as  a  tower 
cooler,  but  is  ^unk  Into  the  ground.  By  this 
arrangement  the  water  from  jet  condensers 
will  flow  to  the  distributing  troughs  by  grav- 
ity, and  will  in  time  be  drawn  from  the  reser- 
voir Into  the  condensers  by  the  vacuum.  The 
foundations  of  these  towers  are  very  costly 
to  construct,  there  being  a  large  amount  of 
excavation  and  concreting  necessary.  An  un- 
derground cooler  occupies  more  ground  spacs 
than  an  above-ground  cooler  for  equal  duty, 
averaging  30  gals,  of  water  cooled  per  hour 
per  square  foot  of  ground  surface. 

Open  Coolers. --These  consist  of  a  water 
stack  only  with  the  usual  reservoirs  under. 
All  round  the  water  stack  louvre  boards  are 
fitted  to  prevent  the  water  from  spraying  out 
and  to  deflect  the  air.  The  ground  space  oc- 
cupied is  slightly  less  than  an  underground 
cooler  occupies,  but  more  than  that  of  a 
chimney  cooler,  the  average  duty  being  38 
gals,  of  water  per  hour  per  sq.  ft.  of  ground 
surface.  A  serious  disadvantage  of  this  type 
Is  the  necessity  of  building  same  well  in  the 
open,  an  any  obnt ruction  to  the  wind  blowng 
into  them  seriously  reduc<^  their  capacity.  The 
efficiency  of  th*»so  towers  will  vary  by  20^. 
uccordinc  to  the  velocity  of  the  wind.  These 
towers  can  also  creati*  a  nuisance  if  not 
screened  from  a  public  highway.  This  is  the 
only  type  of  tower  that  can  reduce  the  tem- 
IM^rature  of  the  water  below  that  of  the  sur- 
rounding air.  and  is  very  much  used  for  ics 
machinery. 

Fun   Coolers   are   of  exactly   the  same  con- 
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structlon  as  the  chimney  type,  but,  in  place 
of  louvre  boards  for  air,  inlets  are  fitted  with 
one  or  more  fans.  Fans,  while  consuming  a 
considerable  amount  of  power  (about  2%  of 
total  engine  output),  are  very  flexible,  and 
are  useful  on  varying  loads.  Fan  towers 
snould  never  be  erected  where  there  is  room 
tor  other  types. 

Sice  of  Tower. — As  previously  mentioned, 
ml  cooling  towers  operate  on  the  principle  of 
air  being  capable  of  absorbing  water,  every 
pound  of  water  evaporated  and  carried  away 
absorbing  966  latent  heat  units.  There  is 
also  a  certain  amount  of  heat  absorbed  by 
the  rise  in  temperature  of  the  air.  The 
amount  of  vapor  absorbed  varies  with  the  dry- 
ness of  the  air,  but  in  England  the  air  can 
generally  absorb  5%  of  its  own  weight.  Assum- 
ing a  1,000-KW.  power  plant  to  be  equipped 
with  reciprocating  sets,  the  over-all  steam 
consumption  on  peak  load  being  35  lbs.  per 
kilowatt,  a  tower  to  deal  with  600-KW..  or 
21,000  lbs.  of  exhaust  steam  per  hour,  is  a 
useful  sized  unit.  Assuming  ^he  station  will 
Inrreaso  200 -KW.  per  annu*m,  in  two  years' 
time  another  tower  of  a  similar  size  should  be 
instnlted.     As  the  output  increases  the  kilo- 


watts connected  per  annum  will  also  increase, 
and  the  size  of  units  installed  will  be  of  much 
larger  size.  Steam  condensed  per  hour  equals 
21,000  lbs.  Each  pound  of  steam  condensed 
will  add  960  B.  T.  U.  to  the  circulating  water. 
21,000  X  (say)  1,000  In  place  of  960-066= 
21,000,000  units  to  be  dissipated  by  the  tower 
per  hour.  As  a  pound  of  air  can  absorb  b%  of 
its  own  weight  of  moisture,  each  pound  of  air 
(which  equals  13  cu.  tU  normal)  will  carry 
off  1,000  B.  T.  U.  X  0.05=«pproximately  50 
B.  T.  U.  per  pound  of  air.  The  total  cubic 
feet  of  air  required  can  now  be  calculated: 
21,000,000  units  per  hour,  total 

50  units  absorbed  per  pound  air 

=  420,000  lbs.  air  per  hour. 

Assuming  an  efficiency  of  75%. 
420,000  X   0.75  x   13=4.100.000. 
4,100,000-s-60=685,000  cu.  ft.  air  per  minute. 

If  a  fan  tower  is  installed,  the  ground  space 
occupied  will  be  about  2  IB  sq.  ft.  The  tam 
will  absorb  approximately  18  B.H.P.  If  ft 
natural-draft  tower,  above  ground-type,  the 
ground  space  occupied  win  be  about  950  sq. 
ft.  The  lost  water  in  each  case  is  equal,  and 
practically  amounts  to  the  quantity  of  feed 
water. 


THE  FIRST  AMERICAN  GRAMME  RING 

DYNAMO 

By    G.    S.    MOLER 

KKOM    "TUK    SIBLEY    JOIRXAL    OF    ENGINEERING.'* 


Tho  Orammo  Dynamo  which  is  illustrated 
herewith,  and  which  is  shown  as  boiug  mounted 
upon  a  Hraokott  cradle  dynauiometor,  was 
built  in  1x^75.  in  tho  Sibley  shops  by  Prof. 
William  A,  Anthony  assisted  by  the  writer, 
ll  was  tho  first  Granuuo  rini;  dynamo  over 
butlt  in  tho  VnitiM  States  axui  it  was  also  tho 
first  ilvnamo  ovov  o^^uovl  b>  Coruoll  riu>or* 
sity.  It  has  Ivon  \\\  actual  uso  perhaps  for 
a  larjicr  tota*  nr.ir.lvr  of  v1a>s  ruus  than  any 
other  si>;\a:v.o  or  r.^otor  in  this  cor.ntry. 

1* **.  o  *;  >  ;\  a  v.;  X ^  vx ; i  ^  v  .^ r.  > :  v  \ •  v ;  c  <i  i  o ;  ;  V. o  IV- 
p;\-.::v.t  v.:  of  ri:>sus  aiiii  h;is  N<;;  used  by  tha; 
*-ii  V'"'- '-■»'<*  t  "tl.c:-  ris  a  *:>v.a'.v.e  or  iv.otor  o\"*r 
s  ■. .  ,\-  .  '^^ .-.  s  '. '..-.::  \ :  V  resc  v :  •; :  t*  «loin|C  ex- 
*N  ■..«".. :       .  -.  ^    .-I  >  . .  r \  v^ ;  v\     .:  v :  \ :  i;  i:  t  he  machlQMrf 


of  both  the  mechanician's  and  the  student's 
shops  in  the  south  basement  of  Rockefeller 
Hall. 

The  machine  was  copied  in  a  measure  from 
tho  French  Gramme  dynamos  which  were  be- 
ing built  about  1S75,  but  ihere  are  a  few  fea- 
tures which  were  introduced  by  ourselves,  the 
principal  one  being  the  movable  rocker  arms 
for  tho  brush  holders.  That  device,  which  it 
now  so  universally  employed,  was  used  by 
Prof.  Anthony  and  the  writer  upon  this 
dynamo  for  the  first  time.  There  are  two  in- 
doponilent  sots  of  windings  upon  the  armature 
but  There  an?  no  connections  between  them. 
Each  set  has  its  own  commutator,  and  at  first 
roller  awlt^ies  with  contact  springs  were  pro- 
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I  flUivr   could   be  UKed   alunv   or 
coDDHted    Id    parallel    or    In 

I  dfBamu  wua  Brsi  built  Mjuara 
to  Its  ronstrucUon  and  oaiy 
poa  tiM  armaiure  was  provldMl  wltb 
tttt-  Tbe  square  wire  was  cboMit  so 
!■  craM4«ctloD  ot  pari)  lum  mlicht  Iw 
i  Krcator  wlUioul  lucrnaiitiiB  the  space 
I  to  tli«  wlndlDK*.  bill  U  was  fnimd  ihal 


[eud«d  uuly  for  Mrtea  um.  were  carried  (o  a  ~ 
lotiK  roller  switch  which  was  so  diwlgtiad  that 
It  would  give  six  dIfferwnC  KrouplnKH  of  tboa* 
circuits,  Cram  alt  In  sarin  to  all  la  parBtlnl. 

Th»  behavior  of  the  dynamo  with  the  sijuar* 
wire  upon  It  was  not  vvrj  saUatactory  so  It 
was  all  removed  and  round  wire  was  substl- 
tnted.  In  thos«  days  It  was  not  nasr  to  pro- 
cure covered  macnet  wire,  so  bare  wire  was 
purchased   and   then   after   coovertlns   a   lathe 


•  i-orner*   of   thai    wuuod    upon   the 

lually     rutllnit     through 

latlon  causing  Khort  circuits. 

Ijaf   tbs   four    Riasnel    spools    had    vlKht 

ml  drculu  upon  It,  the  whole  belns 

t  deep  and  each  layer  rormlnx  one 

These  were  wound  In  such  a 

Kto   pracllrally    ham    thr   same   nunilitrr 

I   wraa   and    I  he   same   realstance   In 

Bare    wire    was    used    un    these 

I   U   waa    spaced    so   that   the   turns 

t  In   contact,   the   spaces   between   the 

nUel    with    shnllac.      TliMe 

rlrcuK*.    which    were    In- 


inio  a  cDverlns  t 
sary  tar  rewinding  si' 
double  «nton  cov«r>'<i 

After     the     wire    «  .  r 

swttrbes  wor>  romoviwl  au4  a  pluc  s«Ui:Ii  fur 
the  masnei  apoola  was  substituted  for  them. 
The  arramcerofnt  of  eljiht  circuits  tor  each 
spool  wa«  also  abandoned.  The  drnamo  »s 
flnsUy  remodeled  and  run  as  a  aertea  machine. 
Rare  twenty  amperes  at  about  Berenty-flre 
volts  from  each  commutator  when  being  ran 
at  about  eleven  hundred  revolutions  per  mln* 
uir.  By  puttinc  the  two  eoromDlalor*  In  eerlea 
30  Btuperes  at  ISO  volts  were  obtalnnl  and  bf 
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uuuinH  of  thin  flvo  2  0-amp.   30-v.    Weston  arc 
lanipH  wt>ro  run  fur  lighting  purposes. 

Ono  of  thu  flrst  uses  requiring  steady  run- 
ning wuH  for  making  oxygen  and  hydrogen  for 
tho  lanterns  of  the  University.  However,  a 
plant  WUH  soon  constructed  for  mailing  the 
ubovo  gasos  by  electrolysis  and  the  dynamo 
WUH  thon  moved  over  to  Sibley  Hall  and  con- 
noctod  to  tho  power  driving  the  shops.  It 
WAS  very  soon  found  that  a  series  dynamo  was 
not  suitable  for  driving  an  electrolysis  plant, 
for,  when  tho  power  slowed  down,  the  counter 
eloctro-motivo  force  of  the  cells  caused  a  re- 
versal of  tho  magnetism  of  the  dynamo,  and 
upon  apecHling  up  again  the  direction  of  the 
current  through  the  plant  was  again  reversed, 
thus  causing  a  mixing  of  the  gases.  To  over- 
come this  difliculty  a  small  Weston  dynamo  was 
purchased  and  used  as  an  exciter.  This  Weston 


machine  was  one  of  the  very  earliest  and  shunt- 
wound  dynamos  ever  built.  The  date  of  its 
purchase  was  used  in  the  courts  to  establish 
the  priority  of  certain  patents  upon  shunt- 
wound  dynamos. 

The  dynamo  was  exhibited  in  1876,  at  the 
Centennial  Exhibition  in  Philadelphia,  where 
it  was  driven  by  a  straight  line  engine  whidi 
was  also  one  of  the  products  of  the  Sibley 
shops.  It  was  again  exhibited  at  the  World's 
Fair  at  Chicago,  in  1893  and  also  at  the  Uni- 
versal Exposition  at  St.  Louis,  in  1904.  At 
Chicago  and  at  St.  Louis  it  was  exhibited  as 
a  historical  piece  and  at  the  latter  place  silver 
medals  were  awarded  in  appreciation  of  its 
historical  value,  to  Prof.  William  A.  Anthony 
and  G.  S.  Moler,  builders  of  the  dynamo,  and 
to  Dr.  E.  L.  Nichols,  Director  of  the  Depart- 
ment of  Physics,  Cornell  University. 


LIQUID  FUEL  FOR  INTERNAL- COMBUSTION 

ENGINES' 

By  R.  W.  A.  BREWER 


Tho  uso  of  the  torm  "liquid  fuel*  in  this 
paiH^r  iuipltos  that  the  fuel  is  supplied  to  the 
onglnt^  in  a  "liquid"  as  distinct  from  a  "gas- 
<H^us"  «tat«\  It  do^s  not  noiH^ssarily  follow 
that  tht"  fuol  outers  tho  onglno  cylinder  in  a 
liquid  stato. 

Ut>ii\ior  Oil*.  In  order  to  succossfully 
utUitfo  a  liquid  iu  tho  form  of  oil  in  tho  cyi- 
tudor  of  au  lutoruaK-onibustion  ongluo.  two 
di^tiuv't  u\«^thvHU  havo  btx»u  tried  to  cv^po  with 
tho  dilt*.v'uUio*  ;*rx*sont.  Tho  fuol  can  bo  inirto- 
duwd:  \  *.  ^  A:!i  oil.  without  choiuioAl  ihiir.s^. 
olthor  iu  AU  atomuod  or  |>ar:t>-v»vv>rifiv\i  ani 
jvirttN'Ji^ouvistxl  (oru*, ;  \-^  with  chomica! 
vhAu^o  suott  '.h:^'.  i>.o  oil  t»o(orx*  on:  or  ins  *-^ 
o^'itivlor  t\ci5  N'ov.  vw^o*:>  or  v-a^'^^V.y  dtxw,:- 
^K^*x^l  m:o  t^o  '.•?;>. '.or  ^>  drwA' Vv''V.>. 

(1^  <  » V  .A.^.^  ^..vx\  ■oo  ...     v.-».-N         .  .  .1      ,,«^o«. ..*...     ^.^ 
•  K,\i«^K     «»i     '"<    _» •*-•»■  ■  ■»».■.  i  .«•  ^     »•«      ■  .»  ^«»         '  *        t*S  -.> 


]     ... 
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ber  and  the  rapidity  of  compression  convert 
the  spray  into  a  smoky  vapor,  which  burns 
when  mixed  with  its  correct  proportion  of  air. 
In  this  type  of  engine  the  oompreeaion  is  com- 
paratively small,  as  a  large  compression  would 
render  the  mixture  unstable  and  liable  to  pre- 
ij:nition. 

Di$:lnct  from  this  type  is  the  Diesel  engine, 
which  works  by  compressiiig  the  air  alone  up 
to  aN>u:  TOO  lbs.  per  sq.  in.  Into  this  hli^ly- 
cou:pros$ed  air  at  the  end  of  the  inward  stroke 
of  tho  piston  is  injected  the  correct  proportion 
of  liquid  fuel,  by  means  of  air  at  a  higher 
;'r>?$j?ur>e  op^e  racing  a  jet.  As  this  fuel  enters 
:!io  o>  lizvier  ::  bums  spontaneonsly,  without 
ci  s.:vlvio::  ris^  of  temperature,  throoshont  a 
jirvji'-cT  y*ir:  of  ".he  working  stroke. 

>"i::jk::y.  :h«re  is  the  Roots  type  of  engine, 
%^^:Nh  ^.JL;^  ::ie  lev  or  ordinary  compression  of 
:<>.  ;<?r  5*^.  in.,  in  which  each  charge 

c:.  L<  A:v'irx:^*y  neosared,  and  injected  Into 
'.^.->'  tvi  I;  ::•  izvior  daring  the  suction  stroke, 
dX'.A  ■'  *i::i  .-li^rfy  atomixacion  is  relied  upon 
to  '.v^.^i^  :«;*•;?•;;>£?  v-ir^iration  of  the  air  in  the 

V^dor   .;.r-f   Z    ^ozi-e  ill  engines  haring  ex- 
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betfted  vaporizerB.  In  which  the  liquid 
Ant  converted,  by  partial  decomposi- 

0  a  gaseous  or  senii-gaseous  state  be- 
iniroduciion  into  the  engine  cylinder, 
cal  change  takes  place  in  this  vapor- 

1  there  U  always  the  likelihood  of  de- 
f  carbon  or  heavy  residualst  forming 
kny  pOBMlble  variation  in  temperature 

the  vaporizer  and  the  induction  pipe 
se  the  vapor  to  condense  in  the  pii»e 
id  the  inlet  valve  before  it  reaches  the 

(ITect  of  such  an  action  may  not  be 
rked  in  a  stationary  slow-speed  engine 
at  constant  load  and  speeds  but  when 
nditiona  vary,  the  whole  system  ma> 
ecome  deranged,  owing  to   the  small 

9  range  of  a  mixture   of  air  und   oil 

10  that  m'hen  an  oil  engine  is  designed 
ring  loads  and  speeds,  such  as  for 
ir  work,  the  following  points  are  to 
dervd: 

»ll-feed  must  be  accurately  measured. 
'xact  proportion  to  the  air  admitted  ui 
i — any  system  of  governing  by  throt- 
B  air  inlet  must  act  upon  the  feed  of 
le  same  proportion. 

ay  carburetter  cannot  give  batlKfactioii 
1  it  utilized,  as  the  action  of  a  Jet  is 
^ortional,  and  there  must  of  necessity 
mi  variation  of  the  feed  in  such  a  de- 
bts variation  will  occur  not  only  for 
irking  strokes  in  which  the  volume  of 
duced  by  throttling,  but  also  when  the 
is  full  open  and  the  supply  of  air  un- 

Ni. 

;  to  the  amall  explosive  range  in  the 
>il,  either  more  or  less  vapor  than  that 
,  to  produce  the  best  results  will  cause 
ire,  which  will  be  followed  by  one  or 
hers,  resulting  in  the  stoppage  of  the 
I'siially  about  20'.,.  of  the  total  cyl- 
iluuie  contains  inert  or  burnt  gas  at 
of  a  charging  stroke  when  the  engine 
correctly.  But  when  an  explosion  it« 
the  next  charge  is  richer  (perhaps  too 
Ire),  owing  to  the  absence  of  this  20*,* 
gas.  An  absolutely  positive,  accu- 
leasured,  and  mechanically-controlled 
oil  is  therefore  a  necessity  in  this  type 
ie.  and  this  feed  must  be  delivered 
orking  stroke.  The  volume  of  oil  re- 
:o  rarburate  free  air  is  so  very  small 
2.y/i  by  volume)  that  the  chief  difli- 
encountered  in  producing  an  apparatus 
tly  sensitive  and  at  the  same  time  one 

11  stand   the  wear  and   tear  to   which 
apparatus  is  subject. 


The  Lighter  Petroleum  Distillates. — It  is 
about  ten  years  since  the  lighter  fractions  dis- 
tilled from  petroleum  came  into  commercial 
use  as  a  fuel  in  this  country.  The  same  high- 
speed engine,  such  as  is  the  prime  mover  in 
the  majority  of  motor-cars  of  the  present  day, 
was  at  that  time  in  a  state  of  infancy,  and 
liable  to  frequent  breakdowns  through  small 
derangements.  It  was  a  neceh.siiy  that  the 
luel  lor  such  an  engine  Khould  be  of  the  sim- 
plest nature,  as  far  as  its  niunipuiation  and 
properties  for  carburatlon  were  concerned. 

Distillers  of  these  lighter  fractions  know 
well  that  the  majority  of  failures  and  break- 
aowns  in  the  early  days  of  the  motor-car  were 
uttrlbuted  lo  the  imaginary,  or  n>al,  bad  quali- 
ties of  the  fuel.  This  liKht  fuel  had  originally 
a  Hpeclflc  gravity  of  U.6S0,  and  was  very  vola- 
tile, as  the  tyiMi  of  carburetter  then  employed 
depended  solely  upon  the  volatility  of  the 
spirit  to  effect  its  purpose.  The  spirit  of 
iij\^{}  specitl<-  gravity  here  referred  to  might 
be  considered  to  be  hexane.  us  it  was  a  mixture 
(if  this  compound  with  the  higher  and  lower 
members  of  the  saturated  hydroi'arbona,  and 
was  represented  by  the  formula  C,  H,^ 

The  earliest  types  of  carburetter  for  this 
spirit  consisted  of  a  small  tank  containing  the 
fuel,  the  necessary  air  being  drawn  over  the 
surface  of  the  fuel  and  thus  becoming  car- 
burated.  Later  forms  were  fitted  with  wfckB 
dipping  into  the  fuel  in  order  to  avoid  splash- 
ing and  erratic  behavior  of  the  liquid.  This 
wick  type  of  carburetter  exists  at  the  present 
day  in  a  modified  form,  but  It  is  obvious  that 
as  volatility  is  alone  depended  upon  to  effect 
the  carburaiion,  only  the  lightc^r  fraction  can 
be  used. 

Tlie-jet  spray  types  of  carburetters  now 
generally  In  use  are  semi-mechanical  in  their 
action,  and  when  dealing  with  petrol  of  a 
specific  gravity  of  0.720  can  be  made  to  give 
a  certain  amount  of  satisfaction,  at  any  rato 
to  control  the  proportions  of  petrol  vapor  to 
air  within  the  limits  of  ignition  throughout  a 
large  range  of  demand.  This  spirit  Is  usually 
employed  at  the  present  time,  imd  the  ratio  of 
carlton  to  hydrogen  is  nearly  represented  by 
Cf  Ii,«  (heptane I. 

Spirit  of  Greater  Density. — The  specific 
gravity  of  the  spirit  alone  is  no  true  measure 
of  Its  suitability  for  use  in  an  ordinary  Jet* 
spray  carburetter,  but  it  is  the  range  of  l>oil- 
Ing  iK)ints,  as  observed  in  a  distillation  test, 
which  determines  the  true  value  of  any  par* 
ticular  Fplrit. 

The  Fuels  Committee  of  the  Motor  Union 
points  out  in  its  report  how  spirit  of  a  high 
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Bpecltic  gravity  has  been  excluded  in  the  past 
from  our  markets  by  an  erroneous  standard, 
but  the  thermal  vulue  per  unit  weight  of 
Borneo  spirit  is  higher  than  that  of  the  spirit 
now  generally  in  use,  and  it  contains  slightly 
more  carbon  in  its  composition.  The  author 
has  found  as  a  result  of  numerous  experi- 
ments with  this  fuel  an  Increase  of  109^  in  its 
effect  in  a  motor-car  engine  as  compared  with 
American  spirit  of  0.715  specific  gravity.  This 
spirit  must  not  be  confused  with  a  parafUn, 
as  it  evaporates  completely  at  ordinary  tem- 
perature without  leaving  any  oily  residue. 

Pennsylvanlan  spirit  has  a  composition  of 
84'/r  C,  16',;.  H,  with  boiling  points  between 
60°  and  150**  C.  Paruffln  consists  of  85%  C, 
15%  II.  has  boiling  points  between  150*"  and 
300°  C.  and  has  a  flash  point  now  below 
23°  C.  Borneo  spirit  of  a  specific  gravity  of 
0.760  consists  of  91^c  C  and  9';c  H,  and  dis- 
tills completely  between  60°  and  150°  C. 

Even  a  heavier  spirit  up  to  0.780  specific 
gravity,  though  its  range  of  boiling  points  be 
increased  in  an  upward  direction,  contains  a 
proportion  of  lighter  fractions  which  car- 
burato  air  without  the  application  of  heat. 
In  its  action,  therefore,  it  is  distinct  from 
paraffin,  as  the  engine  can  be  started  cold, 
and  the  greater  ratio  of  the  explosive  mix- 
ture makes  it  possible  to  run  the  engine  until 
the  parts  become  sufllciently  warm  to  eftect- 
ually  carburate  the  heavier  fractions  present 
in  such  a  fuel. 

The  Bornei>  spirit  of  0.760  specific  gravity 
is  very  similar  in  its  volatility  to  the  better- 
known  light  American  (Pratt's)  spirit,  the 
only  real  difference  being  in  the  greater  per- 
centage of  carbon  present  in  the  former.  This 
higher  iH^roentage  of  carbon  is  due  to  the 
presenile  of  beniol. 

The  author's  experiments  in  connection  with 
IK'trols  of  high  speiific  gravities  have  been 
court rmod  by  later  tests  made  by  others  in- 
terested in  the  development  of  the  internal- 
ci^mbustion  onpino.  The  object  of  the  trials 
was  the  obsorvaiion  of  the  roh\ti\e  bohavior 
of  the  difforout  fuels  undor  road-ruunhij;  con- 
ditions, and  tests  were  made  over  lonj:  ^ii^- 
tauivs  Narvinj:  from  l.i»00  to  «.OuO  milos.  and 
also  o\cr  >hor:or  distaiuos  upon  ".cvoi  roads 
-  t:\kinc  wiiiis  of  one  pin;,  or  vMie  jzaV.on  of 
fr.o:.  iu  caoh  c:\>o.  ar.d  not  in s  the  d;st,i:\ce 
oovcrd  V>     V.o  .;\r  -.rpor.  sr.oh  a  fuel  allowance. 

sv.:v,  .  k^r.  '.r.  :,ri\^v.s  per  hour  0;  vb^  mtlet 
tr.^M'.x'.;  r^"  ::.»  "v^"'  v:;  vO>  8ii««d  of  car  in 
r.v;\'s  v<^"  ■  »^  ■        "^  •    v*^^  approxtttiat^  v«&sht' 


of  car  and  passengers;    '  (e)  condition  of  road; 
(f)  behavior  upon  the  level;   (g)  hill  climbing. 

Naturally,  in  tests  of  this  nature,  the  con- 
ditions varied  enormously,  and  a  general  aver- 
age had  to  be  struck,  and  the  results  deduced 
from  an  empirical  formula  constructed  by  the 
author  for  the  purpose.  A  variable  T,  with  h 
standard  equal  to  unity,  has  been  introduced 
for  the  purpose  of  taking  into  account  the  ob- 
served conditions  of  the  road  surface  and  load, 
before  placing  the  various  fuels  in  their  rela- 
tive  positions  in  the  table. 

In  the  construction  of  the  formula,  see  Table 
I.,  the  author  assumed  that  the  useful  effect 
of  each  fuel  was  proportional  to  E.  the  miles 
traveled  per  gallon;  also  to  V  the  velocity  of 
the  car  in  miles  per  hour,  and  inversely  pro- 
portional to  the  rate  of  consumption  —  C.  As 
the  speed  did  not  vary  to  any  marked  degree, 
any  error  due  to  the  assumption  of  V  is  slight, 
but  the  results  agree  very  well  with  those  of 
the  general  observation  upon  the  road. 

V-  was  taken,  as  the  author  has  found  by  ex- 
periment that  above  a  certain  speed  the  power 
required  to  propel  similar  cars  against  the  air 
and  other  resistances  varies  approximately  as 
the  square  of  the  velocity.  For  instance,  it 
required  10  HP.  to  propel  a  cer^in  car  at  30 
miles  per  hour,  whilst  a  similar  car  required 
20  HP.  to  propel  it  at  40  miles  per  hour.  The 
road  and  axle  resistance  given  by  Col.  Cromp- 
ton  for  certain  cars  being  constant  at  ajbout 
49  lbs.  weight,  whilst  the  total  air  resistance 
was  about  77  lbs.,  when  it  was  reduced  to  a 
minimum  at  39  miles  per  hour. 

Table    I.— Te«u    of    Liquid    Fuels.    Petroleum    FrodnctL 

Long  Tests. 

n»             (2)  (3)              (4) 
BV» 

Col.  (2)  X 

Sp.  Gr.    C  X 1000  T           OoL  (3). 

Borneo     0,7©0  11.6  1.1  12.4 

P.'irarrir.     p  MO. . . .  »    O*^  ^^^  ^O  ^^'^ 

Hornt-o  OTtW \    0.770  7.4  1.3  96 

U.>«.t \ 

Pratt's    0.715  9.5  1.0  9.5 

Borneo    0.7SO  6.S5        1.2  S.9 

Vaporization  and  Explosive  Mixtures. — Re- 
fined pel  role  um  is  a  complex  mixture  of  hydro- 
carbons of  various  boiling  points.  In  evapora- 
;ioii  at  temperatures  below  the  boiling  point 
svuh  i^irticles  as  escape  from  the  surface  of 
:V.e  iiiv.jid  exis;  as  vapor.  In  the  case  of  any 
of  !ht  orviinary  petrols,  either  of  the  light  or 
h %  a  >  :•  ^ ;  I  r :  •: :  y ,  ^ v a porat  ion  contin ues  at  ordi- 
r.Ary  ".vr.poraf.ires  until  the  whole  has  disap- 
p^vtroii  \\::riO:i:  leaving  an  oily  residue. 

The  proportion  of  hydrocarbon  Taper  which 
the  air  takes  up  varies  with  the  roUtility  of 
the   petrol   and    the   bumidity.    pressure,  and 
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temperature  of  the  atmosphere.  For  Instance, 
dry  air  will  take  up  the  following  quantities 
of  vapor  from  petrol  having  a  specific  gravity 

17.5<;o  by  volume  at  50 **  F. 
27Ve  *•  68'  F. 

before  the  air  is  saturated.  These  percentages 
are  equivalent  to 

1  vol.  vapor  to  5.7  of  air  at  50''  F. 
1  vol.  vapor  to  3.7  of  air  at  68°  F. 
showing  that  a  small  increase  in  the  tempera- 
ture largely  increases  the  percentage  of  petrol  ' 
vapor  which  can  be  retained  by  the  air.   Petrol 
of  a  specific  gravity  of  0.700  containing  83.72',< 
C  and  16.2>%  H  has  a  vapor  density  of  0.24  lb. 
per  cu.  ft.  at  atmospheric  pressure  when  at  a 
temperature  of  32"  F.,  or  nearly  three  times 
the  density  of  air. 

With  regard  to  the  open  evaporation  of 
petrols  of  various  densities  and  chemical  com- 
positions, the  author  has  made  a  number  of 
experiments  in  order  to  determine  the  effect 
of  temperature  and  air  currents  upon  the  time 
taken  to  effect  complete  evaporation.  The  ap- 
paratus consisted  of  an  electrlcally-drlven  fan 
with  speed  controller,  anemometer,  a  portable 
farnace.  and  a  thermometer.  Air  currents  of 
different  velocities  were  passed  over  thin 
•trips  of  paper  saturated  with  the  different 
fuels,  and  the  time  noted  when  the  liquids  had 
completely  disappeared. 

The  results  are  given  in  Table  II.,  and 
clearly  show  that  although  at  ordinary  tem- 
peratures there  is  a  marked  difference  in  the 
time  taken  by  the  petrols  of  the  highest  and 
lowest  specific  gravity,  the  application  of 
beat  makes  the  behavior  more  nearly  alike 
than  does  the  effect  of  air  currents  alone.  It 
also  ihows  that  although  the  chemical  com- 
positions of  the  Borneo  spirit  of  0.760  spe- 
cific gravity  and  the  spirit  of  0.720  specific 
gravity  are  dissimilar,  yet  owing  to  the  simi- 
larity of  the  distillation  tests  of  the  two,  the 
time  taken  for  evaporation  In  this  way  is 
practically  the  same. 

The  deductions  made  from  such  tests  lead 
one  to  expect  that  when  comparing  the  Shell 
spirit  of  0.720  specific  gravity  and  the  Borneo 
spirit  of  0.760  specific  gravity,  no  perceptible 
difference  will  be  experienced  when  startInK 
an  engine  cold«  and  that  the  behavior  of  the 
engine  In  traffic,  as  far  as  flexibility  is  ron- 
cemed.  will  be  the  same  with  either  fuel. 
Bat  when  comparing  the  spirit  of  0.780  spe- 
dflc  grarlty  (which  contains  fractions  hav- 
ing g  higher  boiling  point)  and  the  other  two 
■plrlts.  we  find  that  the  former  requires  as- 


sistance in  the  form  of  heat  to  accelerate  the 
action  of  the  vaporisation.  This  heat  can  be 
added  in  the  following  ways.  Either  the  car- 
buretter itself  or  the  Incoming  air  can  be 
heated  by  the  exhaust,  when  the  ordinary 
types  of  carburetter  are  employed,  or  the 
spray  of  petrol  can  be  mechanically  broken 
up  in  order  that  such  fractions  as  do  not 
readily  vaporize  may  be  carried  In  suspen- 
sion into  the  engine  cylinder  itself.  If  no 
precipitation  takes  place  in  the  induction 
pipe,  the  whole  of  these  heavier  particles  nt 
once  vaporize  during  the  compression  stroke. 
When  a  carburetter  of  the  suction-spray 
type  is  employed,  this  atomixatlon  can  only 
be  perfectly  carried  out  when  the  engine  is 
Kept  running  above  a  speed  high  enough  to 
produce  sufflcient  suction  at  the  Jet.  It  may, 
however,  be  expected  that  a  good  mechanical 
carburetter  would  deal  more  satisfactorily 
with  a  heavier  petrol  than  the  0.780  specific 
gravity  here  specified. 


Table    IL— ETftpormtloD   Teits. 

Velocity  of  Air  Temperature    Specific  Onv- 
in  Feet  of  Air  In        ity  of  Petrol. 

Per  Minute.     Decreet  Fab.       Shell,  and 

Uoroeo. 
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In  order  to  form  an  explosive  mixture  with 
a  fuel  of  this  nature,  knowing  its  chemical 
composition,  it  biH*omes  a  Blmplo  matter  to 
ascertain  the  correct  quantity  of  air  required 
to  effect  complete  combustion.  The  proper^ 
tions  must  be  such  that  the  propagation  of 
the  flame  Is  sufficiently  rapid  to  produce  an 
explosion. 

TakinK  a  Borneo  spirit  of  91^0  carbon  and 
9'<   hydrotcen.   1   lb.  carbon  requires   11.6   lbs. 
of  air  for  its  complete  combustion — 
.'.  u.91x  11.6  =  lO.Glbs.  of  air  fortheC. 

One  lb.  hydrogen  requires  34.8  lbs.  for  Its 
complete  combustion — 

.'.  0.09  X  34.8  1^  3.14  lbs.  of  air  for  the  H. 
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llonro,  tliooroticnlly,  the  total  air  required 
1:j.(M  IbH.,  whkh  at  C2''  F.  ^^  182  cu.  ft.  at 
utmoHphorlc  pn^BHuro.  lu  practice,  we  find 
the  oxcesH  of  air  admitted  greatly  dilutes  this 
mixture,  and  that  Instead  of  a  mixture  con- 
tftlninK  l.SVJ.  of  petrol  vapor,  the  vapor  is 
dllntod  with  CO  or  70  times  Its  own  volume 
of  II ir,  1.  0.,  the  percentage  of  petrol  Is  only 
\A\  or  1.1:j. 

Tho  Invorttigallons  of  Sir  B.  Redwood  upon 
iho  llmltH  of  oxplosion  of  mixtures  of  petrol 
vapor  and  air  show  that  when  using  a  petrol  ' 
of  O.T20  Hpeciilo  gravity,  and  firing  the  mix- 
ture In  a  closed  vessel  by  means  of  a  naked 
llame.  iho  most  explosive  mixture  consisted 
of  l.Stl.;  of  petrol  vapor.  With  a  petrol  of 
0,6 SO  spocltlc  gravity  those  figures  become 
2.5',,  as  Is  shown  in  Table  III. 

Tublo  in.  -Si^oino  Or.ivlty  of  Petrol  0.08l>    giving  190  to 
l.*tJi»  tinn\t  Its  own  Volumo  of  Saturated  Vapor. 

Per  Cent,  by 

Volume  of 

Petrol  Vapor. 

No    tfsnition    with 1.075 

Silent    bunilnp   with    1.845 

^ari>    oxplo>ion    with    2.017 

Violont   o\plo«lon   with    2.852 

Left*  vjoloni  oxpioslon  with IVMVl 

Dur&tnK  and  riuiriug  4.084 

Burnins    silently    (V.S79 

The  most  violent  explosion  occurred  when 
12.25  vols,  of  liquid  wore  mixed  with  100.000 
vols,  of  air.  These  experiments  wore  con- 
iluiuM  without  a  previous  compression  of  the 
mixture,  and  It  is  chlefiy  owing  to  this  com- 
l^rojwion  in  an  engine  cylinder  that  such  weak 
mixinros  as  are  used  in  moilorn  practice  can 
bo  made  to  explode. 

The  author  has  made  many  tests  on  the 
r\\id  >*ith  a  view  to  ascertaining  the  minimum 
stronaiths  of  explosive  mixtures  used  in  his 
mo;or-var.  the  onsir.o  i^f  which  has  four  oylin- 
ioTs.  or. oh  1*0  iviiu.  diam.  by  ilO  mm.  stroke, 
dr.*!  ob:ior\;\:iou;i  uoro  u.avio  as  to  the  rate  of 
oi>r» * .:  r.:  ;^ : ; o  :i .  o  t  o. 

nit-f^      0:'.f   li.r.'or.   x^.is  vov.i^ur.uM  dv:rir»g   .*S,- 
K ,; .  ^.  V  >  * ;  *.'.  .1 0  r  \  ^^ '. . :  '.v.  o  < u  o  i^ :  V  j    ;* : s :  0 1:     - 

.'^'      .■  ,         .■"..■  N"  ...-.»..'  '       i    **         .'      .* 

^•^  «l%  ..«■■  ««a«N  ..X  «!■.■«•  ■■■  •  ■«  ^1  X 

^,"»'^  «>-".»««  ■»  »*  •%*»  •^•fc  ••  »* 

•  •.     •     ^      ...      ...      ^..  »     .:  *  •     V*         •'*»*!    **    <  "^  i 

v.x\     .    i*-.  *  .:        '..0    7 •J-*.'*'*   &tY>m   by   *tt' 


thoritles  on  the  subject  for  the  best  propor- 
tions are  with  0.680  specific  gravity,  12.25 
vols,  liquid  to  100,000  vols,  air  theoretically 
and  Without  compression. 

The  test  figures  show  for  Borneo  0.760:  59 
vols,  of  air  to  1  vol.  of  vapor  =  1.7%  of  petrol 
vapor,  as  against  4.0  vols,  air  to  1  vol.  vapor 
=  2.5  theoretically  for  the  0.680  spirit,  and 
for  0.722  specific  -gravity  spirit  =  1.867c  theo- 
retically. 

From  the  above  figures  it  is  evident  that  the 
proportion  of  petrol  to  air  is  high,  and  that 
either  more  air  could  have  been  used  or  the 
assumed  loss  of  15%  In  carbu ration  is  too  low. 

Benzol. — When  we  look  for  a  substitute  for 
petrol,  a  home-produced  fuel,  which  can  be 
utilized  without  in  any  way  altering  the  ex- 
isting arrangements  of  the  engine  or  car- 
buretter, undoubtedly  holds  out  great  hopes. 
Such  a  fuel,  known  as  benzol,  is  a  distillate  of 
coal  tar,  or  can  be  extracted  from  coal  gas. 
It  is  a  light  hydrocarbon,  CaH«,  and  is  a  clear 
liquid  similar  in  appearance  to  petrol,  but 
having  a  slight  smell  of  sulphur,  due  to  the 
presence  of  about  150  grains  of  sulphur  com- 
pounds per  gallon.  The  specific  gravity  of 
pure  benzol  is  0.885,  boiling  point  80^  C.  or 
176""  F.  Total  evaporation  point  of  crude 
benzol  145""  C.  or  293**  F.,  and  one  gallon 
contains  163.650  B.T.U.  of  heat,  as  against 
137,142  B.T.U.  for  petrol,  and  has  an  explo- 
sive range  from  2.7  to  6.3%. 

The  largest  source  of  supply  is  from  coke 
ovens  or  gas  works.  In  the  modem  systems 
of  coke  manufacture  for  iron  smelting  the  by- 
products obtained  in  the  distillation  of  coal 
an^  collected  instead  of  being  allowed  to  go 
to  waste,  as  in  the  old  style  of  beehive  ovea. 
The  benzol  obtained  in  the  gases  from  dis- 
tillation is  readily  absorbed  by  means  of  suit- 
aMe  oils,  from  which  it  is  afterwards  ex- 
tract od  by  distillaiion. 

vVr/.iv.oroial  ■5»i»  v  benzol" "  is  a  spirit  of 
^xhUh  .^■.'  evaporates  in  a  retort  at  a  tem- 
ror;\:uro  ci  l-v  C.  and  the  production  of 
w^:. •>.  .-.:•/. o-.:n:s  :o  about  5.000,000  gals,  per 
sr.v...-  :::  -.M?  cx^r.::;ry.  This  supply  could  be 
:,;  r  i  :•  V  •  V.  V  rt*  ,\  s<  d  ^.  y  I  he  installation  of  ^t- 
.sV  t-  -f  0-. try  V --*=*.  should  the  demand  war- 
";-•.:  : ^  . <  .  \ i'-c V i : : u rr  The  s u pply  conld  thus 
:-  V .  .=.  "»::>.:"  a  very  short  time.  The 
^  :^:<  fuel  when  refined  is  about 
;r  c.^'l.'^::  a:  the  makers*  works, 
:>.x-  yr.vt'.vs  v^  rrfzir?  and  waahins  costing 
*>v'.,.  :.'    :i     a   i^.oa.     Tlie  proeess  of 

%**>  rj:  :-»  r.  i.ins  of  s-Iphuric  add  aad  soda 
y«r.:A:'^\    oV..v'.7i:c5    :^e    sulphur   eoaponnds. 
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li«d  benxol  might  be  made  suitable 

•car    work    by    dlBtilling    out    the 

llon8»  and   witti  ttiem  the  bulk  of 

Uea. 

ptrd  to  the  use  of  90%  benzol  as  a 

the  author  has  made  a  number  of 
s,  the  results  of  some  of  which  are 
IT,  and  can  be  compared  with  those 

given    for    petrol    of    various    den- 


Lons  T«tt. 

Ull^B  per  DlsUnce. 


EV» 


Gallon.  C  X  100 

grmr.  O.A75  n.2       116  mllM  14.8       1 
Short  Test. 

24            14milei  12.25  Id  traffle 

22            15     ••  12.4     •• 

ances  traveled  per  gallon  compare 
ibly  with  the  best  results  obtained 
i,  vii.: 
sciflc  gravity.  18  miles  per  gallon. 

21.5 
I  pulled  well,  and  the  speed  of  the 
Bpt  about  the  same  as  when  using 

lor  finds  that  on  some  occasions  it 
•  to  use  rather  a  larger  Jet  with 
n  with  petrol,  but  care  must  be 
dmit  anfllcient  air,  or  sooting  takes 
e  the  cylinder.  The  smell  of  the 
the  unburnt  state  is  slightly  more 
in  the  case  of  benzol,  but  the  ex* 
I  have  little  smell  and  no  tendency 

— In  spite  of  what  has  been  said 
cohol  as  a  motor  fuel,  it  is  the 
>inion  that  alcohol  has  great  poasi- 
Jiis  direction. 


The  author  has  obtained  samplea  of  com- 
mercial methylated  alcohol  having  a  spedflc 
gravity  of  0.833,  and  with  them  conducted  a 
number  of  testa,  using  the  other  Ingredients 
in  varying  proportions.  He  has  aucceeded  in 
running  his  motor-car  aatisfactorllj  upon 
these  mixtures  and  also  with  alcohol  mixed 
with  only  25%  of  another  fuel. 

Considering,  now,  these  essential  qualitieg, 
the  properties  of  alcohol  may  be  briefly  sum- 
marized  as  follows:  Ethyl  alcohol  CH«0,  a 
volatile  colorless  liquid  with  a  speciflc  gravity 
of  0.806  at  0"*  C.  Calorific  value  about  12,600 
B.T.U.  per  pound.  Boiling  point  78*  C.  Ex- 
plosive range  4  to  13.6%  with  air. 

Methylated  spirit,  consisting  of  90%  ethyl 
alcohol  and  10r<  methyl  alcohol  (CH«0).  has 
a  calorific  value  of  about  11.000  B.T.U.  per 
pound. 

The  following  is  an  approximate  compar- 
ison: 

lf«thyut«d 
P«trol  a722  SplrlL 

Calorlfle    rmlu*    In    B.T.U. 

per   lb    20.000(sroM)    11.000  (sroM) 

Net     calorific     value     per 
lb..  1.  e..  heat  eooTerted 

into  work   4.248  B.T.U.       8.822  B.T.U. 

Thermal  efflcleocy  =  21%  80^ 

In  practice,  a  petrol  motor  rarely  exceeds 
a  thermal  efficiency  of  189(,  whilst  with  an  al- 
cohol motor  the  highest  efficiency  ia  readily  ob- 
tained, and,  considering  that  a  gallon  of  al- 
cohol weighs  about  12rr  more  than  that  of  the 
petrol,  the  net  value  per  unit  volume  is  aboat 
the  same.  A  great  advantage  of  alcohol  is  Its 
uniformity  of  composition,  the  whole  of  the 
spirit  distilling  over  at  a  temperature  of  about 
78'C. 
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ell-known  fact  that  our  neighbor  on 
side  of  the  North  Sea,  Norway,  is 

possessor  of  immense  deposits  of 
liongh  the  statistics  do  not  seem  to 
tything  of  the  kind,  as  the  exports 
:o  the  present  time  have  been  quite 
It. 
on  for  this  is,  however,  not  difficult 

as  the  Norw<>f?iau  or«»s  have,  a?  n 
lined  far  too  much  titanium  to  be 
T  the  present  furnaces.  Hom-evor. 
are   places   a    poison,    the   antidote 

away,  and  the  adage  has  Just  re- 


ceived a  fresh  illustration  in  the  application 
of  electric  smelting  with  graphite  as  substi- 
tute for  coal  and  coke. 

The  last  experiments  indicate  that  removal 
of  the  injurious  titanium  is  not  an  ImpoasibiUty 
any  longer,  and  although  the  matter  has  not 
been  demonstrated  in  practice  as  yet,  there  la 
no  reason  to  believe  that  ext)eriments  on  a 
large  scale  should  turn  out  less  successfully 
than  on  a  small. 

The  inventor.  Mr.  Albert  Hiorth.  of  Chria- 
tianla.  in  the  course  of  a  lecture  and  demon- 
stration of  his  process,  recevA.V>i   «i\^  >:tA^^ 
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oordlng  to  the  official  report  of  the  Canadian 
CommlBBlon,  a  email  500-HP.  electric  furnace 
would  succesBfully  be  able  to  compete  with 
regard  to  the  cost  of  production  with  the  most 
modern  American  blast  furnace,  producing 
800  tons  per  day,  the  cost  of  the  latter  being 
about  1660,000,  with  100  men  to  work  It. 
He  then  gave  a  collection  of  tables  showing 
the  cost  of  pig  Iron  per  ton  produced  from  55% 
>6matlte  ore,  as  follows: 

(1)  In  electric  furnace  (Keller  &  Lefeux), 
111.68  per  ton  pig  Iron. 

(2)  In  American  blast  furnace,  110.90  per 
ton  pig  Iron. 

(S)  In  electric  furnace  at  Norwegian  water- 
fall, 19.48  per  ton  pig  Iron. 

In  comparison  with  above,  the  cost  In  a 
Hiorth  induction  furnace,  worked  by  water 
power,  and  the  graphite  as  a  substitute  for 
coke,  would  be  per  ton  of  pig  iron  from  iron 
Band,  about  17.65. 

Dr.  Ueroult  has  by  his  latest  experiments. 
proved  that  even  inferior  ores  can  be  reduced 
with  advantage  by  electric  smelting.  Thus  a 
good  pig  iron  might  be  obtained  even  from 
pyrrhotite  with  1.5rr  sulphur,  as  well  as  from 
tltaniferous  ores  with  up  to  17.8%  TiO,. 

After  having  given  some  results  of  the  ex- 
periments made  by  Dr.  Heroult,  the  lecturer 
then  proceeded  to  point  out  the  conditions 
mud  the  possibilities  of  the  smelting  and  re- 
fining of  iron  ores  by  means  of  electric  smelt- 
tnf .  and  with  power  from  the  numerous  water- 
falls in  Norway.  Iron  ore  deposits  as  well 
as  waterfalls  were  to  be  found,  so  to  say.  every- 
where; but  the  great  drawback  for  utilizing 
tbe«e  !H>ur\vs  of  wealth  up  to  the  present  time 
had  Kvu  tho  lack  of  v'Otil  for  the  reduction. 
Prexiou^jily  charc\\il  had  Kh'^u  utilized,  and  an 
«xceUei\i  product  had  al^^o  been  obtained:  but 
of  course  now  it  i^>*«  bettor  to  use  ihe  forest 
for  tlu\^c^  and  pulp. 

But  oven  if  eUvtrio  furna^^es  were  xo  be 
bulli  Alonj;  ihe  cxMst,  and  the  mxvssary  ooa! 
imivrttM.  such  an  iuduscry  wov.M  v.ios:  likely 
no;  N*  of  aa>*  s^^****^  s'i»>r.itv :  as  :hose  cv>uc- 
trleci  :hA:  Uv>w  are  c\ivr:i:vjc  :>.t*:r  vx>a*.s.  bu: 
are  \\:Aii:*.r.^  irv^ii  orx>s  'or  ;hc:r  o^v.  ^^rr-.^vvs. 
*x^v,  «o..\»  v.toiVAse  ^^0  v'-^^t's  ot  v.va*.  >o  ':>e 
prvv.*.'.A'.-oii  >*ov.^*.  N?vvu>j  ^vV  vlctr.    v.  s^-'o  v*' 

dc** V  .*  ■■>  :  .*  > .  ^  V  :  >  •.  >  y  \^^ ' ;' v.i  ■,  >.c  * cv*j:  u  rv v  !i  a  *I 
Nv-  s;~-..X  ^?-  :>.>*  i.^.^A  o^  v,:lllfii'j^s  the  ex* 
tei*.>.N':*  ,•':*■.'■.'.-  .-  o-f  i-.ivt^v.-e  which  are  to  b* 
f\.*v.v.-.        v.-^  •     y  .i.v*    '•  '.^•^.•'  !iorth  as  w^ll  at* 


in  the  south  of  the  country.  Most  of  this 
graphite  is  so  Impure  that  it  cannot  be  utilized 
at  present,  or,  at  any  rate,  only  small  quanti- 
ties of  It  Graphite  is,  as  is  well  known,  the 
heaviest  and  purest  carbon  existing,  and  shows 
especially  a  great  stability  towards  chemical 
reactlpns. 

During  previous  experiments  he  had,  how- 
ever, succeeded  in  producing  carbide  by  smell- 
ing graphite  with  lime,  and  apparently  with 
a  very  small  consumption  of  energy. 

It  is  generally  supposed  that  graphite  can 
be  used  for  the  manufacture  of  carbide,  but 
that  considerably  more  heat  is  required  on  ac- 
count of  its  great  stability,  than  by  the  use  of 
coal.  It  has,  however,  been  proved  that  in 
carbide  the  carbon  exists  In  the  form  of  gra- 
phite, and  Acheson  has  proved  that  all  carbon 
by  heating  is  transformed  into  graphite.  Thus 
the  carbon  used  for  manufacture  of  carbide 
has  first  to  be  transformed  Into  graphite, 
which  means  use  of  energy.  By  a  direct  utili- 
zation of  graphite  this  part  of  the  energy 
therefore  ought  to  be  saved.  Experiments 
proved  that  the  reaction  of  carbide  by  smelting 
graphite  and  lime  was  very  easy,  for  which 
reason  it  also  was  to  be  expected  that  graphite 
might  be  used  for  the  reduction  of  iron  ore 
as  well,  by  means  of  which  the  problem  of  coal 
would  be  solved  in  the  best  way. 

In  ordinary  furnaces  1  ton  of  coal  is  re- 
quired for  1  ton  of  pig  iron,  while  in  the  elec- 
tric furnace  only  one-third  of  it  is  required, 
the  smelting  heat  being  produced  liy  electric- 
ity. The  price  of  1  ton  of  fnmaoe  cinders 
delivered  in  Norway  would  be  atioat  $5.80  to 
I6.$0  per  ton.  Graphite,  delivered  c.  i.  f.  at 
most  ports  would  cost  only  one-third  of  the 
cinders.  The  coet  of  carbon  for  electric  fur- 
nacesi.  in  comparison  with  usual  furnaces, 
would  consequently  be  reduced  by  ^  x  %,  or 
1-^  in  all.  The  graphite  existing  can  in  many 
places  be  worked  by  quarrying,  and  thus  be 
had  at  a  very  low  cost,  many  of  the  deposits 
tvir^^  si:u3.:ed  close  to  the  sea.  In  one  case, 
for  i!:s:Anov.  i:raphite.  iron  ore,  dumps  of  lime 
fron:    :v.Ar^l<e    quarries,  and   water   power  are 


'    v»%  •»  ,  I 


u".*.  v*os4e  :o  ^:ich  other,  which  means  that 
.*:*   :rjti'<;vr:   prictically  would  be  reduced  to 


b       v..  >  *v  •  *. »  ..  *  ^ 


->. 


Nx*:  j.r^-r  pointed  out  the  opportuni- 
:s  :.'-  v;;v  ;.fiorj.re  of  iron  and  steel  were 
,'.\.»*.^:jii;v,:5   AS   pcsssible.  and  scmrcely  could 


V  o*i-\>.i  i.z:-^'^-?r>?  e: 


v\vc  V  .?:  -'.'"-  CJL^L  te  obtained  in  the  elec- 
:r  -  :--'_•  i. v.  evvf-  Irom.  a  very  impure  iron 
vw  .«•».*   <■*.»*.•>*:  J-    .•cicalning  more  than  30% 
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of  tilica  or  other  ImpuriUeB.  In  some  places 
a  treatment  of  the  graphite  wou-ld  be  recom- 
mended. 

The  following  is  the  result  of  an  experiment 
with  smelting  Iron-sand  containing  13%  TiOa 
with  graphite  of  a  tenor  of  68^}^  C.  lime  being 
used  9L»  slagging  material.  In  spite  of  the 
contaminations  of  these  raw  materials,  the 
pig  Iron  produced  showed — 

0.0 1'^    SiOt  and  traces  of  TiO,. 

The  pig  iron  produced  is  thus  practically 
free  of  all  the  impurities  contained  in  the  raw 
materials,  the  same  being  retained  in  the  slag. 
Prom  these  experiments,  carried  on  In  a  small 
scale,  and  the  results  obtained  by  Keller  and 
Heroult  on  a  large  scale,  the  lecturer  had 
reason  to  believe  that  an  iron  industry  could 
be  created  in  Norway :  in  any  case,  for  the  pro- 
duction of  those   80.000  tons  which  are  now 


imported.  The  bettor  qualities  of  orv  might 
still  be  exported  as  now,  the  ehTtrlc  furnac<<s 
being  able  to  utilize  inferior  ores. 

An  additional  advantage  of  the  electric  fur- 
nace  is  that  small  plants  can  succesHfuUy  be 
worked,  thus  obviating  the  requirements  of 
large  capital,  which  arc  absolutely  eHsenttal 
for  working  the  present  blast  furnaces.  This 
advantage  is  so  much  the  more  liiiporiant  Id 
a  country  where  capital  is  anything  but  abun- 
dantly present.  If  a  great  number  of  small 
plants  were  erected,  they  would  eventually  be 
able  to  take  their  supply  later  from  the  large 
mines,  as  Dunderland  and  South  Varanger; 
and  as  the  expensive  briquettlng  process  might 
be  avoided,  the  ^ponomy  of  the  electric  fur- 
naces would  be  still  more  increased  in  com- 
parison  with  that  of  the  blasting  furnaces 
(probably  In^f  of  the  cost  of  the  ore). 


STORAGE  BATTERIES" 

By  V.  KARAPETOFF 


CONPENSEI)    KKOM   TUB   "ELBCTRIC   JOURNAL" 


PROPERTIES  OF  STORAGE  BATTERIES.^ 
1.  Comparison  to  Water  Storage  Tank. — 
Storage  batteries  (also  called  electric  accumu- 
lators) are  devices  used  for  storing  electrical 
raergy,  which  may  l>e  delivered  at  a  later 
time.  The  part  which  storage  batteries  play 
In  the  distribution  of  electrical  energy  is 
much  the  same  as  a  water  storage  tank  plays 
In  water  supply  systems.  Without  the  tank 
the  pnmpe  have  to  supply  a  variable  demand; 
their  capacity  must  therefore  be  sufficient  for 
the  maximum  demand.  Moreover  they  must 
be  operated  14  hours  a  day;  the  power  con- 
sumption la  much  increased  and  the  effiiclency 
consequently  reduced,  to  say  nothing  of  the 
excessive  mechanical  strains  imposed  by  sud- 
den variations  of  the  load.  A  water  tank  of 
■nfflclent  capacity  remedies  all  this;  the  ca- 
pacity of  the  pumps  needs  to  be  sufficient 
for  the  average  demand  only,  and  they  may 
be  operated  at  practically  full  load.  When 
the  demand  Is  below  the  average,  the  excess 
of  water  pumped  simply  raises  the  level  in  the 
tank.  When  the  demand  is  above  the  average, 
the  tank  snpplies  the  necessary  excess  of  water 


•From   s  l«Hnr«  before  The   Electric  Club.   PltUburt. 


to  the  mains.  In  addition  to  this  the  tank 
allows  a  more  constant  pressure  to  be  main- 
tained In  the  mains  even  with  variable  flow. 

2.  Regulation  of  Load  and  Voltage. — Sim- 
ilarly, in  an  electric  power  house  without  stor- 
age batteries  the  generators  have  to  supply 
the  variable  demand  and  are  subjected  to  all 
the  disadvantages  resulting  therefrom,  vlx.: 
their  capacity  must  be  sufficient  for  the  heav- 
iest overloads  which  may  occur;  the  machines 
must  be  operated  24  hours  a  day  or  at  least 
as  long  as  there  is  even  the  smallest  demand 
for  light  and  power;  the  engines  are  subjected 
to  severe  mechanical  strains  and  are  work- 
ing under  the  most  unfavorable  conditions,  as 
far  as  efficiency  Is  concerned — namely  at  va- 
riable load. 

When  a  storage  battery  is  connected  in  par- 
allel with  the  generators  the  latter  need  have 
a  capacity  sufficient  only  for  the  average  dally 
load,  and  may  be  worked  practically  all  the 
time  at  this  load.  When  the  load  is  below 
normal,  the  excels  energy  is  sent  into  the  bat- 
teries, rharging  them.  At  the  hours  of  maxi- 
mum demand  (p4«aks  of  the  load>  the  battery 
dischargefl  into  the  line  in  parallel  with  the 
generatortc.      During  the  hours  of  very  small 
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demand  the  engines  may  even  be  shut  down, 
the  battery  alone  supplying  the  current.  The 
efficiency  of  the  plant  is  thus  increased,  and 
a  steadier  pressure  maintained  with  fluctuat- 
ing loads. 

The  limitations  which  at  present  prevent  the 
universal  use  of  storage  batteries  are:  their 
comparatively  high  first  cost  and  depreciation, 
additional  complications  resulting  from  extra 
apparatus  needed  for  controlling  and  charg- 
ing the  batteries,  and  the  amount  of  care  re- 
quired in  their  maintenance.  There  are  many 
cases,  however,  especially  in  city  electric  rail- 
way work,  where  the  advantages  gained  by 
the  use  of  batteries  by  far  outweigh  the  dis- 
advantages; in  such  cases  storage  batteries  are 
extensively  used. 

3.  Construction  and  Chemical  Action  of 
Storage  Batteries — An  electric  storage  cell  is 
a  voltaic  couple,  in  which  plates  of  sponge 
lead  (Pb)  and  peroxide  of  lead  (PbO,)  are 
used  as  active  materials.  These  plates  are 
immersed  in  dilute  sulphuric  acid  (HsSO^) 
which  acts  as  an  electrolyte.  When  the  bat- 
tery discharges,  both  active  materials  are  par- 
tially converted  into  lead  sulphate  (PbSO^), 
and  the  acid  becomes  more  dilute.  On  charg- 
ing a  reverse  action  takes  place;  the  plates 
being  again  reduced  to  lead  peroxide  (positive 
plate)  and  spong>'  lead  (negative  plate).  The 
specific  gravity  of  the  electrolyte  increases  to 
its  normal  value,  and  the  battery  is  again 
ready  for  discharge. 

These  chemical  changes  may  be  represented 
by  a  formula,  thus: 


charge 


<- 


PbO,^Pb*2H,SO.=2PbSO,+2H,0. 
> 

discharge 

In  reality  the  chemical  reactions  are  much 
more  complicated  and  hardly  known  at  pres- 
ent in  all  details.  The  above  fundamental 
equation  is,  however,  sufficient  for  a  general 
understanding  of  the  operation  of  storage  bat- 
teries. 

Impuriti«:^s  in  lead  and  in  the  electrolyte 
produce  local  chemioal  action  which  may  ruin 
the  plates.  It  is  important,  therefore,  to  use 
pure  nuirerials.  The  manufaoturers  insist  in 
particular  thai  chemioally  puiv  siilphurio  acid 
and  di>'i-l'?vl  water  be  used. 

Thei  •  are  two  inivs  of  battery  pLues.  called 
the  i':ji:'e  '.>i»e  and  the  Faure  typo,  alter 
their  resi»ect:\c  :n\e!iiors.   \i\  the  Pluute  plates 


the  active  materials,  spongy  lead  and  lead 
peroxide,  are  "formed"  on  the  plates  them- 
selves by  successive  charges  and  discharges, 
or  chemically. 

In  the  Faure  or  "pasted"  plates  the  ac- 
tive materials  are  applied  mechanically  to  a 
supporting  grid.  This  grid  is  of  lead;  it  sup- 
ports the  active  materials  and  conducts  the 
current  to  the  terminals.  The  pasted  mate- 
rials usually  require  some  formation  by  elec- 
trical or  chemical  processes  before  they  are 
brought   to   their   final   form. 

4.  Voltages  on  Charge  and  Discharge. — A 
storage  cell  has  an  e.  m.  f.  of  a  little  over 
two  volts  on  open  circuit.  If  allowed  to  be 
discharged  indefinitely  the  voltage  will  at  first 
remain  practically  constant  at  about  two  volts, 
then  will  gradually  fall  off,  at  first  slowly  then 
more  and  more  rapidly  down  to  zero.  The 
voltages  given  in  the  curve  are  to  be  mieasured 
while  a  normal  discharge  current  is  flowing 
through  the  cell.  The  voltage  drop  is  due  to 
the  internal  resistance  of  the  cell  and  to 
some  polarization  on  the  surface  of  the  plates. 

A  complete  discharge  down  to  zero  voltage 
would  be  impracticable,  because  for  all  ordi- 
nary purposes  the  terminal  voltage  of  the  bat- 
tery must  be  constant  within  rather  narrow 
limits.  Moreover,  such  a  complete  discharge 
would  ruin  the  battery.  The  reason  for  this 
is  that  lead  sulphate,  PbS04  which  is  formed 
during  discharge  is  practically  an  insulator, 
and  if  too  much  of  it  is  allowed  to  be  formed 
on  the  plates,  the  reduction  back  to  Pb  or 
PbO,  is  very  difficult,  if  not  impossible. 
Enough  lead  or  lead  peroxide  must  remain  on 
the  plates  to  keep  down  their  resistance. 
Otherwise  charging  current  cannot  flow 
through  the  active  material  and  effect  a  re- 
generation of  the  battery.  In  practice  it  is 
considered  that  the  battery  requires  a  new 
charge  when  the  voltage  has  dropped  to  1.75 
volt,  tor  better  1.8  volt.)  This  YOltage  is 
measured  with  the  battery  suppljring  a  current 
«*hich  corresponds  to  the  eight-hour  rate  of 
discharge. 

When  the  battery  is  being  charged,  the  ex- 
ternal voltage  applied  at  its  terminals  must 
be  high  enough  to  overcome  the  counter- 
e  ni.f.  of  the  cell  and  to  force  the  charging 
current  throui^h  its  ohmic  resistance.  At  the 
heijinnint:  of  a  charge  the  charging  Yoltage  is 
a  little  above  rwo  volts  per  cell.  .As  the  bat- 
ter \  becomes  recuperated  this  voltage  must 
be  iirad  r\Il>  increased,  it  being  necessary  to 
.apply    abo'it    '.wo    and   six-tenths  volts   at  the 
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end  of  the  charge  )n  order  to  get  full  charg- 
ing current  through  the  cell.  The  end  of  the 
charge  is  alvo  recognized  by  an  excesHtvc  lib- 
eration of  gases  (boiling)  duo  to  a  decom- 
position of  water  in  the  sohKion. 

The  best  indication,  however,  of  a  complete 
charge  is  that  the  specific  gravity  of  the  acid 
reaches  its  maximum  and  remains  constant. 
Referring  to  the  fundamental  chemical  reac- 
tion, given  in  section  3,  this  means  that  all 
sulphate  is  liberated,  and  the  plates  consist 
of  pure  lead  and  lead  peroxide. 

a.  Capacity  01  Storage  Batteries. — The  ca- 
pacity of  a  cell,  or  the  amount  of  electricity 
that  it  can  give  un  discharge  is  measured  lu 
aoipere-hours:  a  cell  which  can  supply  25  am- 
peres for  eight  hourti.  before  the  lower  limit 
of  the  e.m.f. —  l.s  volts  (or  1.75  volts  for 
some  makes) — is  reached,  is  said  to  have  a 
capacity  of  2o  -.  S  -•-.  200  anii>ere-liours.  E.x- 
perience  shows  that  the  capacity  of  a  cell  de- 
pends esM'ntially  on  the  rate  of  dlschurgo. 
The  mure  rapid  the  discharge  the  less  is  the 
capacity:  thus  the  above  cell  If  discharged 
at  a  rate  of  lOO  anuHTes  wuuUl  be  completely 
dlschari;«Ml  in  one  hour  instead  of  two  hours. 
Therefore.  In  speaking  of  the  capacity  of  stor- 
age batteries  It  is  always  necessary  to  mention 
the  number  of  hours  in  which  the  battery  Is 
supposed  to  be  discharged.  It  is  customary 
to  rate  stationary  batteries  on  the  basis  of  an 
elght-hour  discharge,  and  batteries  used  on 
electri«  automobiles  on  the  basis  of  a  four- 
hour  discharge.  Storage  batteries  used  in 
fleet ric  railway  sub-stations  for  taking  up 
fluctuations  of  the  load  are  usually  rated  on 
the   arbitrary    basis   of   one-hour   discharge. 

If  a  battery  is  intended  to  be  discharged 
within  a  shorter  i>eriod  of  time  than  the  nor- 
nial  period,  its  rated  capacity  must  be  reduced 
In  a  ratio  usually  given  by  the  manufacturer. 
Koughly  speaking,  if  the  capacity  is  100  per 
t«*nt.  at  an  eight-hour  rate,  it  is  about  i»n 
pvr  ci-nt,  at  a  six-hour  rate,  75  per  cent,  at  a 
three-hour  rate  and  only  50  per  cent,  at  a 
oTM^-hour  rale.      (See  table  in  S7. » 

On<*  of  the  reason^)  for  a  d«'crease  in  capac- 
ity at  higher  rates  of  discharge  is  that  the 
electrolyte  cannot  circulate  as  nipidly  as  re- 
«iulred.  thus  diluting  the  acid  in  the  (Ktres  of 
the  plates,  before  fresh  acid  can  take  Its  place. 
Another  reason  Is  that  a  layer  of  lead  sul- 
phate Is  forme<l  on  the  surface  of  the  plates. 
preventing   further   action. 

6.  Testing  Storage  Batteries. — The  princi- 
pal points  to  be  investigated  in  the  perform- 
ance of  a  ttoimge  battery  are: 


(1)  Behavior   at   discharge. 

(a)  Variations  of  t«*rminal  voltage. 

(b)  Variations     of     density     of     the 

electrolyte. 

(c)  Influence    of    the    rate    of    dis- 
charge on  capacity. 

(2)  Behavior  at  charge. 

(a)   Variations  of  terminal  voltage. 
(1>)    Variations     of     density     of     the 
electrolyte. 

(3)  Electrical   efficiency. 

(4)  Internal    resistance. 

(5)  Weights    and    dimensions    imt    ampere- 

hour  output. 

There  arc  a  few  more  practictil  teHts.  such 
as  influence  of  temperature,  loss  of  chargo 
by  local  chemical  action,  durability  in  ser- 
vice, etc.,  which  in  spite  of  their  importanco 
cannot  usually  be  iMTformed  in  the  short  time 
allotted  to  students. 

The  tests  above  enumerated  will  now  be 
described  in   detail. 

7.  Charge  and  I>is4-harge  Characteristics.  — 
The  cell  undfT  test  must  be  fully  charged 
before  beginning  the  ex|K*rinient  on  discharge 
characteristics.  The  end  of  the  charge  is  best 
recognized  by  the  density  of  the  acid,  which 
H'aches  Its  maximum  and  remains  constant. 
The  voltage  also  reaches  its  ma.\imiin)  and  re- 
mains constant.  The  absolute  valu«*H  of  den- 
sity and  voltage  are  usually  given  by  the 
manufacturer  of  the  cell,  and  may  vary  within 
certain  limits. 

The  time  of  charging  bhould  not  be  less 
than  three  hours  ii  the  battery  has  been  «om- 
pletely  discharged.  At  a  higher  rate  tif  charg- 
ing, the  «»lectrolyte  warms  up  and  the  lib- 
erated glides  caus«'  It  to  boil:  with  the  result 
that  active  niateiial  Ms  washed  out  of  tho 
plates  and  the  useful  life  of  the  battery  is 
thereby  redur*>(l.  Helow  this  upper  limit  the 
amount  of  elect  lira)  energy  neies^ary  for 
charging  i^  oscni  tally  independent  of  th*' 
cha^^ing  rate. 

It  sh(»uld  be  well  nuted  that  th*»  :ii  id  tiught 
to  havi*  the  prescrlUd  di'usiiy  when  the  bat- 
tery Is  ftilly  char^i-tl.  The  d^n^it)  may  be 
(Oiiccteil  h>  I  he  addliioM  itf  dl*«tillfd  water. 
This  slineM  he  ilt)i:««  onI>  when  the  battery  is 
fiilt>  4  liarui'il  and  iiiitlfr  no  oth«*r  circuni- 
staiues. 

After  the  battery  has  been  fully  charged, 
th**  twitch  is  thro\Kn  o\er  to  the  discharge 
side.  The  «  urreni  is  adjusted  to  the  deslnnl 
\alue  ami  maintained  at  this  value  until  the 
end  of  the  discharge.  The  voltage  on  dis- 
charge drops  rapidly  at  the  beginning  an.d  «^1 
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the  oud  of  the  discharge,  and  remains  pra> 
ticully  constant  between.  Therefore,  readings 
should  be  taken  every  few  minutes  at  tho 
beginning  and  end  of  the  run;  a  few  check 
readings  are  sutllcient  for  the  rest  of  the  time. 
Read  volts,  density  of  acid  (on  a  hydrometer) 
and  tiMiiperaiiire;  stir  the  liquid  before  read- 
ing thf*  hydrometer,  so  as  to  measure  the  true 
avoragf  density. 

Tiie  constant  current  of  discharge  multi- 
plied by  the  number  of  hours  of  the  test  to 
the  time  when  the  battery  is  considered  dis- 
char^od  gives  the  ampere-hour  capacity  of  the 
cell.  This  capacity,  multiplied  by  the  aver- 
age voltage  during  discharge,  gives  the  watt- 
hour capacity.  The  test  may  be  repeated  with 
various  rates  of  discharge,  and  the  influence 
determined  which  the  time  of  discharge  has 
on  the  capacity  of  the  battery. 

The  following  table  gives  the  voltages  at 
which  tho  discharge  should  be  stopped  (for 
-Chloride"   batteries): 


]Iour>  IMs 

s  . 
1 


Relative  Values  Relative  Capacity 
Final  VoltaKe.     of  Curroiit.  in  Amp.  hrs. 

l.iri  1  8      (100'» 

1.70  -J  a      (  ITi'Tc) 


l.-H> 


4 

8 


4 


(  rK>%) 


In  every  case  the  voltage  is  to  be  measured 
"vlth   a  discharge  current  flowing  at   the  cor- 
esponding  rate. 

8.  Cadmium  Tester. — In  order  to  ascertain 
The  state  of  charge  on  both  plates  a  cadmium 
tester  is  sometimes  used.  It  consists  of  a 
stick  of  pure  cadmium  placed  in  the  acid  of 
the  coll  undor  test.  It  is  well  to  have  the 
cadmium  protected  by  a  hard  rubber  tube  with 
perforations  for  the  circulation  of  the  acid. 
At  tho  end  of  tho  rhargo  the  voltmeter  must 
show  about  2.45  volts,  between  lead  peroxide 
and  cadmium,  and  about  0.10  volts  between 
the  load  phite  and  radmiuni.  This  is  a  more  or 
loss  positive  indication  of  tho  end  of  the  charge. 
The  voltage  between  the  two  plates  is  equal 
to  the  sum   of  the   two   readings: 

2.45   *   0.10         2.25   volts. 
Tho  same  tester  can  Ih>  uso»i  to  ascertain  the 
oud   of   discharge.      In    this   case   the   volta*jes 
are    -     l.l^5    and    --    0.20    volts    respectively, 
and    the   battery    voltage   is 

1.95   -   -   0.20         1.75    volt. 

In  case  it  is  found  that  one  of  the  plates  is 
not  fully  charged,  the  charge  must  be  oon- 
tinuotl  until  tho  cadmium  tester  shows  there- 
quired  voltage.  Or,  if  it  is  feared  that  an  ex- 
tvssivo  charge  may  damage  the  other  plAt«« 
the  pla>e  which  roQuires  additional  charglV 
iwav    ho   charjiod    in   a   j^cparate   cell. 


cadmium  tester  gives  reliable  indications  in 
the  hands  of  an  experienced  observer,  espe- 
cially when  many  tests  are  made  on  batteries 
of  the  same  type.  Otherwise  it  is  safer  to 
judge  of  the  state  of  the  charge  from  the 
acid  density  and  the  voltsrge. 

9.  Internal  Resistance. — The  determina- 
tion of  the  true  ohmic  resistance  of  storage 
batteries  is  rather  difficult  because  this  resist- 
ance is  very  small,  is  variable  and  is  to  some 
extent  masked  by  the  effect  of  polarization. 
Moreover,  it  is  not  the  true  resistance,  but 
rather  the  virtual  resistance  of  the  cell  that 
is  interesting  to  the  user,  this  virtual  or 
equivalent  resistance  representing  the  total 
drop  of  voltage  in  the  battery,  due  to  what- 
ever causes.  The  simplest  method  to  de- 
termine the  resistance  R  of  a  cell  would  be 
to  observe  the  voltage  E,  on  open  circuit,  and 
then  immediately  note  the  voltage  E  with  a 
certain  charging  current  I  flowing  through  the 
battery.     Then  evidently 

E  —  EIq. 

R  =  

I 
A  better  method  is  to  measure  two  terminal 
voltages  El  and  E,  corresponding  to  two  differ- 
ent values  Ii  and  I.  of  charging  current.  Then 

E,  —  p  —  Ee  =  RI,; 

E,  —  p  —  E,  =  RI,; 
where  p  is  the  counter-e.m.f.  of  polarization. 
Eliminating  p  and  E,  and  solving  for  R  w» 
obtain, 

E,  —  E... 
R  =  

Ix  —  I,. 

An  objection  to  this  method  is  that  the 
e.m.f.,  p,  of  polarization  U  not  quite  constant 
with  various  rates  of  charge.  Another  ob- 
jection is  that  the  difference  [Ej  —  EJ  is 
rather  small  and  this  impairs  the  accuracy  of 
the  result.  It  is  advisable  to  perform  a  large 
number  of  tests  with  various  values  of  I^  and 
I.  and  to  take  an  average  of  the  calculated 
values  of  R.  Experience  shows  that  more  con- 
sistent resuUs  are  obtained  on  discharge  than 
on  charge.  The  same  formula  Is  used  as  that 
given  above. 

Another  way  of  measuring  the  resistance 
of  a  cell  is  the  so-called  "break"  method 
which  is  considered  by  some  to  be  more  re- 
liable, A  certain  value  of  discharge  current 
through  the  cell  is  adjusted  and  when  the 
conditions  l)ecome  steady,  the  circuit  is  sud- 
denlr  opened.  The  pressure,  as  shown  on  the 
folimelar,  rtaes   instantlr   a   certain   amount 

^  •^»^  vtttliiiMB  to  rise  sradually  as  the 
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polarizing  bubbles  of  gas  disappear.  It  may 
be  assumed  with  a  considerable  degree  of  ac- 
cural.v  that  the  first  (instantaneous)  rise  in 
Toltat:e  corrvsponds  entirely  to  the  ohmic 
drop,  hinrc  the  babbles  of  gas  are  evidently 
the  i»ame  as' a  moment  before  when  the  cir- 
cuit was  closed.  Prom  this  rise  in  voltage 
and  tho  1  iirreni  formerly  flom-ing  through  tho 
battory.  the  Internal  resistance  can  be  cal- 
culated. Suppose,  for  example,  that  the  volt- 
age rises  from  l.S  to  1.9  volt  when  the  switch 
Is  opened,  m'ith  100  amperes  flowing  through 
the  battery.     The  resistance  of  the  cell  is  0.1 

lU(i        0.001  ohm. 

1«».  Experiment  A — Testing  Storage  Cells. 
— The  experiment  is  performed  as  described  in 
1:  6  to  U.  The  readings  during  charge  and 
discharge  are  taken  at  comparatively  infre- 
quvnt  intervals:  it  is  possible,  therefore,  to 
tost  simultaneously  more  than  one  cell.  One 
voltmeter  and  one  milli-voltmeter  with  sev- 
eral ammeter  shunts  are  sufficient  for  all  the 
cells.  Some  cells  may  be  charging  while 
others  are  discharging.  Tests  at  low  rates 
may  li»>  continued  throughout  several  consecu- 
tive days  by  different  observers,  who  may 
work   out  the  results  together. 

At  the  end  of  the  experiment  measure  all 
the  dimensions  of  the  cell  and  of  its  elements. 
so  as  to  be  able  to  make  a  drawing  to  scale. 
Determine  the  weight  of  the  plates,  of  the 
electrolyte  and  of  the  complete  cell.  Do  not 
keep  negative  plates  out  of  the  liquid  longer 
than  nei'essary;  they  may  be  damaged  by  the 
atmosphere. 

OPERATION    AND   CONTROL   OF   STORAGE 

BATTERIES. 

11.  Se!e<tlon  of  the  System  of  Control. — 
Storage  batteries  are  usually  connected  in  par- 
allel with  generators.  Auxiliary  apparatus 
oecessary  for  the  operation  of  batteries  com- 
prises : 

(a)  Switches,  circuit-breakers,  measuring 
Instruments,  etc. 

(bi  Means  for  charging  the  battery,  and 
for  regulating  Its  current  and  Toltage  on 
charge  and  discharge. 

The  apparatus  (a)  is  similar  to  that  used 
with  direct-current  generators;  the  devices 
(b)    are  peculiar  to  storage   batteries. 

Various  methods  are  used  for  charging  and 
oontrolUng  the  output  of  batteries:  the  de- 
lennlnlng  factors  In  the  selection  of  a  system 
of  control  being: 

(a)  The  purpose  of  the  battery. 

(b)  Its  slu. 


(cj  Permissible  limits  of  current  and  Tolt- 
age  fluctuations. 

(d)    The  cost  of  the  system. 

te>  Whether  hand  or  automatic  control  la 
desired. 

The  most  important  systems  of  control  In 
practical  use  are  described  in  the  follow  para* 
graphs,  beginning  with  the  simplest  system 
and  including  the  most  perfect  automatic 
equipment. 

12.  Charging  Two  Halves  of  the  Battery 
in  Parallel — In  the  simplest  method  for  charg* 
ing  and  regulating  storage  batteries  the  bat* 
tery  is  divided  Into  two  halves  which  are 
connected  in  series  for  discharging  and  in 
parallel  for  charging.  This  is  done  In  order 
to  secure  a  sufllcient  voltage  for  charging, 
without  affecting  the  line  voltage  maintained 
by  the  generator.  An  example  will  make  tbis 
clearer.  Consider  a  battery  intended  for  an 
ordinary  110  volt  lighting  circuit.  The  volt- 
age of  each  cell  at  the  end  of  discharge  Is 
about  1.8  volt;  therefore  the  numbi^r  of  cells 
required  is  110-:- 1.8  62.  But  the  voltage 
necessary  with  this  number  of  cells  at  the 
end  of  a  charge  is  ^2.6x62-:  161  volu, 
which  is  far  above  the  line  voltage.  With  tho 
battery  divided  into  two  halves  in  parallel 
only  80.5  volts  are  required  for  charge;  tho 
excess  voltage  of  the  line  Is  taken  up  by  tho 
rheostat.  Battery  output  on  discharge  Is  also 
regulated  by  this  rheostat.  This  method, 
though  very  simple,  is  seldom  used,  except  In 
small  installations,  where  the  loss  of  power 
in  the  rheostat  is  not  objectionable. 

A  more  economical  method  Is  to  divide  tho 
battery  Into  three  equal  parts;  let  them  bo 
denoted  by  A,  B  and  C.  The  parts  A  and  B 
are  first  charged  In  series  for  one-half  of  the 
time  necessary  for  full  charge;  then  B  and  C 
are  charged  in  series  for  one-half  of  the  time, 
and  finally  C  and  A  for  one-half  of  the  time. 
L(^8  energy  is  wasted  in  the  resistances  with 
this  arrangement,  although  it  takes  longer  to 
charge  the  battery.  The  voltage  at  the  end 
of  the  charge  is  2  3  <  161  ==  107  volts. 

Other  combinations  are  also  possible,  for 
instance.  A  and  B  may  he  connected  In  paral- 
lel with  each  othtr  and  in  Heri«*s  with  C. 
The  set  is  charue<l  at  the  full  rate  until  C  la 
completely  charged.  Then  C  is  disconnected, 
A  and  B  are  connected  in  serii»s,  and  tho 
charge  Is  completed. 

14.  Rnd-i'oil  Switches — In  many  small  in- 
stallations there  Is  no  demand  for  current  dnr- 
iuK  the  day.  In  such  castas  the  battery  Is  charged 
during  the  day.  when  the  main  switch  Is  open. 
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the  Yoltage  on  the  generator  being  raised  to 
the  required  161-  volts  for  charging  the  bat- 
tery. During  discharge  the  battery  voltage 
and  output  are  regulated  by  a  so-called  end- 
cell  switch,  by  means  of  which  more  cells  may 
be  connected  into  the  circuit  in  proportion  as 
the  voltage  of  each  cell  drops  during  the  dis- 
charge. 

End-cell  switches  are  sometimes  used  in 
installations  where  charging  is  done  by  means 
of  special  machines  which  are  called  ''boost- 
ers." Storage  batteries  in  stations  and  sub- 
stations of  the  Edison  illuminating  companies 
in  large  cities  are  regulated  by  end-cell 
switches  and  charged  by  boosters.  Large  end- 
cell  switches  are  sometimes  operated  by  elec- 
tric motors,  which  may  be  started  or  stopped 
either  by  the  switchboard  attendant,  or  auto- 
matically by  a  contact  voltmeter. 

The  contact  on  the  arm  of  an  end -cell 
switch  must  be  wide  enough  so  that  the  bat- 
tery circuit  would  not  be  opened  while  the 
arm  is  moved  from  one  segment  of  the  switch 
to  the  next.  On  the  other  hand,  when  the 
arm  bridges  two  adjacent  segments,  the  cell 
connected  to  these  two  segments  is  short-cir- 
cuited, which  is  not  permissible.  Therefore 
the  arm  contact  is  made  in  two  parts  with  a 
protective  resistance  between  them,  this  re- 
sistance limiting  the  current  in  the  short-cir- 
cuited cell  during  the  instant  w^hen  the  arm 
is  moved  from  one  contact  to  the  next. 

In  some  cases  it  is  not  practicable  to  have 
the  main  switches  opened  while  the  generator 
voltage  is  raised  for  the  charge;  at  the  same 
time  the  size  of  the  installation  does  not  war- 
rant the  complication  of  a  booster.  Two  end- 
cell  switches  are  used  in  such  cases.  By 
means  of  end-cell  switch,  the  required 
voltage  is  maintained  on  the  line,  while  the 
charge  is  regulated  by  the  generator  field 
rheostat  and  the  other.  With  this  scheme, 
the  end  cells  are  carrying  the  sum  of  the 
charging  current  and  the  line  current,  and  are 
therefore  charged  faster  than  the  rest  of  the 
battery.  Actual  practice  does  not  show,  how- 
ever, any  disadvantage  in  such  an  arrange- 
ment, provided  the  charging  is  done  during 
the  hours  of  small  demand.  It  will  be  easily 
seen  that  more  contact  points  are  necessary 
with  a  double  end-cell  switch  than  with  a 
single  end-cell  switch. 

16.  Floating  Batteries — In  plants  in  which 
considerable  voltage  fluctuations  are  not  ob- 
jectionable, or  are  unavoidable,  storage  bat- 
teries are  often  used  without  any  means  for 
regulating  them,  simply  as  floating  batteries. 


This  allows  the  battery  to  be  freely  charged 
or  discharged  with  the  fluctuations  of  the 
load.  This  system  is  used  in  some  electric 
railway  sub-stations,  and  also  in  plants  con- 
taining cranes  and  elevators.  The  number 
of  cells  is  selected  so  that  when  the  genera- 
tors give  approximately  the  average  output  of 
the  station,  the  voltage  at  the  bus-bars  la  equal 
to  the  e.m.f.  of  the  battery;  under  such  con- 
ditions no  current  flows  in  or  out  of  the  bat- 
tery. When  the  load  la  below  the  average, 
the  generator  voltage  is  higher  than  that  of 
the  battery,  and  a  charging  current  flows  into 
the  battery.  When  the  generator  is  carry- 
ing a  rather  heavy  load,  its  voltage  drops  be- 
low that  of  the  battery,  and  the  battery  dis- 
charges into  the  line,  helping  the  generators 
(or  rotary  converters,  if  it  la  a  sub-station). 
With  such  an  arrangement  the  generator  load 
is  more  constant  than  without  the  battery. 
The  battery  is  never  entirely  discharged  or 
fully  charged,  but  is  maintained  in  a  medium 
condition.  Once  every  few  weeks  it  is  neces- 
sary to  raise  the  generator  voltage  and  to  give 
the  battery  a  thorough  charging  and  even  an 
overcharge  in  order  to  prevent  the  formation 
of  lead  sulphate. 

It  is  evident  that  such  a  floating  battery  is 
more  effective  when  the*  voltage  fluctuations 
are  large.  The  voltage  at  the  end  of  the  feed- 
ers varies  much  more  than  in  the  sub-station, 
on  account  of  the  ohmic  drop  in  the  feeders; 
therefore  it  is  better  to  have  a  floating  bat- 
tery at  the  end  of  the  line.  The  advantages 
are — the  average  voltage  being  lower  than  in 
the  sub-station,  less  cells  are  required;  the 
fluctuations  of  the  voltage  being  more  pro- 
nounced, the  battery  is  charged  and  dis- 
charged within  wider  limits;  the  loact  on  the 
generators  or  rotary  converters  is  steadier; 
there  is  a  considerable  saving  in  line  copper, 
since  the  feeders  have  to  carry  the  average 
current  instead  of  the  maximum  current.  The 
chief  disadvantage  of  placing  the  battery  at 
the  end  of  the  feeder  is  that  extifi  room  and 
attention  is  required  outside  the  sub-station. 

17.  Battery  Boosters — In  addition  to  the 
cases  described  in  §S  12,  14  and  16  must 
large  storage-battery  plants  are  provided  with 
so-called  boosters,  or  extra  generators  for  reg* 
ulating  the  charge  (and  sometimes  also  the 
discharge)  of  the  batteries.  In  the  simplest 
combination  the  booster  is  driven  by  an  or- 
dinary shunt  motor.  The  armature  of  the 
booster  is  in  series  with  the  battery,  and  the 
fields  are  separately  excited  across  the  bns- 
bers. 
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When  the  battery  U  discharging  the  switch 
Is  thro«'n  up  so  thut  the  booster  Is  cut  out 
of  the  circuit;  the  discharge  Is  regulated  by 
the  end-cell  switch.  For  charging  the  bat- 
tery the  switch  Is  thrown  down  and  the 
booster  e.m.f.  raised  by  means  of  the  field 
rheobtat:  thus  giving,  together  with  the  gen- 
erator pressure,  a  voltage  sutfidont  for  charg- 
ing. This  voltage  is  regulated,  as  the  charge 
progresses,  by  means  of  the  same  rheostat. 

Instead  of  using  an  end-cell  switch,  ih" 
same  booster  may  also  be  used  for  regulating 
the  discharge  of  the  battery.  In  this  case  a 
reversing  swltih  must  be  connected  Into  its 
9eld  circuit,  so  that  the  direction  of  the  In- 
duced e.m.f.  may  be  changed. 

Some  companies  connect  the  booster  field 
across  the  battery  and  not  across  the  line; 
there  is  not  much  difference  in  the  two  meth- 
ods. 

Shunt -oxt-ited  boosters  with  hand  regula- 
tion are  k-atlsfat  lory  only  in  plants  in  which 
the  load  varies  gradually  and  regularly,  so 
that  the  battery  can  be  charged  and  dls- 
chargeil  dUYlng  considerable  periods  of  time. 
In  railway  service,  where  the  loud  lluctuateH 
within  wide  limits  and  where  charge  and  dis- 
charge :<onietinics  follow  each  other  every  few 
seconds,  it  bei'omes  necessary  to  have  auto- 
matic boosters  whose  e.m.f.  Is  added  to  or  sub- 
tracted from  that  of  the  battery  according  to 
the  magnitude  of  the  load. 

There  are  two  types  of  automatic  boosters 
uhtHl  at  pres(*nt — one  in  which  the  booster 
field  Is  varied  by  the  addition  of  compound- 
ing windings;  another  In  whlrh  the  current  in 
the  shunt  fit' Id  is  regulated  by  suitable  relays. 

1>.  Dlffer»*ntial  Uoo.ster — This  belongs  to 
the  first  of  the  two  types  of  automatic  boost- 
ers mentioned  above.  It  differ.-^  irom  the  non- 
automatic  booster  In  that  the  end-cell  swltrh 
Is  omitted,  and  the  booster  is  provided  with 
an  additional  series-field  winding,  which  op- 
poses the  action  of  the  shunt  field  winding. 
At  a  certain  average  load  these  windings  neu- 
tralize each  other,  and  the  booster  e.m.f.  Is 
aero.  At  this  load  the  generator  voltage  must 
be  made  equal  to  that  of  the  battery  so  that 
the  battery  neither  charges  nor  discharges. 
At  a  heavier  load  the  action  of  the  shunt  l.s 
stronger  than  that  of  the  series  winding,  and 
the  booster  e.m.f.  Is  added  to  that  of  the  bai- 
tery.  aaalstlng  Its  discharge.  On  light  loads 
the  reverae  la  the  case,  and  the  boo«;ter  tends 
lo  send  a  charging  current  into  the  battery. 
Tble  aetlon  la  entirely  automatic,  and  the 
booster  tends  to  maintain  a  constant  load  on 


the  generators,  the  battery  taking  up  the  load 
fluctuations. 

Experience  shows,  that  in  order  to  have  this 
system  work  satisfactorily  it  is  necessary  to 
add  a  third  field  winding,  acting  In  the  same 
direction  as  the  shunt  field  winding.  This 
winding  automatically  corrects  the  voltage  of 
the  booster  for  the  state  of  charge  of  the  bat- 
tery, as  is  explained  below. 

Suppose  that  the  currents  In  the  three  field 
windings  are  so  adjusted,  that  the  booster 
e.m.f.  Is  zero  with  the  rated  generator  current 
and  with  the  battery  partly  discharged.  Then 
with  the  same  load  and  with  the  battery  fully 
charged,  the  battery  tends  to  take  more  than 
its  share  of  lo^d.  reducing  the  generator  cur- 
rent. This  reduces  the  current  in  the  third 
differential  winding  and  gives  a  preponder- 
ance to  the  shunt  field  of  the  booster.  An 
e.m.f.  Is  produced  in  the  booster  such  as  to 
oppose  the  e.m.f.  of  the  battery  and  to  prevent 
It  from  discharging. 

On  the  contrary  when  the  battery  is  nearly 
discharged  and  does  not  take  Its  share  of  load, 
the  generator  becomes  overloaded.  Then  an 
excessive  current  fiows  through  the  third 
winding  and  boosts  the  battery  voltage,  help- 
ing its  discharge,  in  this  way  the  thlnl  wind- 
ing helps  to  keep  the  generator  load  constant. 

19.  Carbon-Pile  Booster  Uegulator — One 
common  drawback  of  automatic  boosters  pro- 
viil<Hl  with  series  fields  Is  that  the  booster 
itself  becomes  quite  lari^e  and  expensive,  since 
its  fntine  has  to  accommodate  three  field 
windings,  li  lias  been  sought,  therefore,  to 
have  on  the  booster  only  the  shunt  winding 
and  to  provide  outside  the  booster  an  addi- 
tional de\ice  that  would  automatically  vary 
th**  magnitude  and  the  direction  of  the  cur- 
rent in  this  shunt  winding,  according  to  the 
load,  in  a  devlre  of  this  kind,  generator  cur- 
rent, insteail  of  pa^^ing  through  n  series  wind- 
ing placed  on  the  booster,  passes  through  a 
solenoid.  An  Iron  core  actuated  by  this  sole- 
noid compresses  more  or  less,  throuch  a  suit- 
able leverage,  two  sets  of  colmnus  ron».ihilng 
of  carbon  discs.  These  iarl-i>n  pil»»-<  are  «-on- 
nCCted  til  t\u*  liiOSttT  fiel.l  ;tii.l  to  the  bottiTv: 
the  r»'si>4fanee  of  flu*  Milumns  ioiisl>ts  chiefly 
of  ihe  tont.iit  resisiaiHi-  li'tween  tilt*  discs, 
ail  1    thi>ri-fore    varies    \\:T!>iii    wide    limits   with 

the    t)r»  •**»«! r»*    e\''rt»*il     liv    llie    I  mF**    «»f    the    >nle- 

noid. 

Wirh  the  normal  \alue  i»f  tht»  generator 
i-iirr-'nt  ih»»  pressure  tui  both  piit*s  Is  th»»  same: 
I  heir  rt'sfst:inct'«i  ar«'  einial.  nntl  no  current 
flows    throuch    the    booster    field.     The    whole 
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arrangement  resembles  the  familiar  Wheat- 
Stone  bridge  scheme,  In  which  the  booster 
field  takes  the  place  of  a  galvanometer.  When 
the  current  is  below  or  above  normal  one 
column  is  compressed  more  than  the  other, 
the  bridge  is  not  balanced,  and  a  current 
flows  through  the  booster  field  in  one  or  the 
other  direction,  causing  the  battery  either  to 
charge  or  discharge.  The  arrangement  is  en- 
tirely automatic  in  its  action,  and  takes  the 
place  of  a  booster  with  two  or  more  field 
windings,  tending  to  keep  the  generator  cur- 
rent constant. 

It  would  be  too  wasteful  to  have  a  current 
circulate  all  the  time  through  the  carbon  col- 
umns, especially  of  such  a  magnitude  as  to 
be  sufficient  to  energize  the  booster  fields 
through  unbalancing  of  resistances.  There- 
fore, except  in  very  small  installations,  the 
carbon  regulator  actuates  the  field  of  a  sep- 
arate exciter,  which  in  turn  supplies  current 
to  the  field  of  the  booster.  The  exciter  being 
a  much  smaller  machine  than  the  booster  it- 
self, considerably  less  energy  is  lost  in  the 
regulator.  The  booster  and  the  exciter  are 
usually  mounted  on  the  same  shaft  and  driven 
by  a  direct-connected  motor. 

20.  Booster  Regulation  by  Counter  E.M.F. — 
Here  the  booster  field  is  automatically  regu- 
lated by  a  small  counter-e.m.f.  machine.  The 
field  of  this  machine  is  excited  by  the  main 
current  as  was  the  solenoid  A  described  in 
S  19.  At  a  certain  desired  value  of  this  cur- 
rent the  counter  e.m.f.  of  the  machine  can  be 
made  such  that  no  current  will  flow  through 
the  booster  field.  When  the  generator  cur- 
rent is  below  this  value,  the  booster  field  is 
excited  in  such  a  direction  that  the  battery  is 
charged,  and  vice  versa. 

Formerly,  the  counter  e.m.f.  machine  was 
direct-connected  to  the  main  booster  set  and 
driven  by  the  same  motor.  Experience  has 
shown,  however,  that  the  size  of  this  machine 
can  be  considerably  reduced  driving  it  sep- 
arately at  a  higher  speed  by  a  small  motor. 
The  size  of  the  counter-e.m.f.  set  is  still  more 
redu<*ed  by  introducing  a  second  relay  ma- 
chine. Moreover,  this  arrangement  Increases 
the  sensitiveness  of  regulation  and  permits 
the  counter-e.m.f,  sots  to  bo  made  of  the  same 
standard  size,  with  widely  different  sizes  of 
batteries  nnd  boosters. 

The  count or-o.m.f.  machine  instead  of  acting 
directly  on  the  booster  field,  acts  on  the  field 
of  a  small  exciter  which  in  turn  controls  the 
booster  field  current.  The  armature  of  the 
countor-e.m.f.  machine  is  connected  tn  eerlee 


with  the  exciter  field,  across  the  main  bus- 
bars. When  a  normal  current  flows  through 
the  main  generator,  and  consequently  through 
the  fleld  series  of  the  counter-e.m.f.  machine, 
the  voltage  induced  in  the  armature  of  the 
latter  just  balances  the  voltage  across  the 
bus-bars;  consequently,  no  current  flows 
throu'gh  th(9  exciter  fleld,  and  the  booster  ex- 
citation is  =  zero.  When  the  generator  cur- 
rent is  above  the  normal,  this  voltage  is 
higher  than  that  across  the  busbars;  the  ex- 
citer fleld  is  energized  in  such  a  direction  as 
to  assist  the  battery  to  discharge.  The  o^ 
posite  takes  place  when  the  generator  cur- 
rent is  below  normal.  With  proper  relatious 
the  system  works  so  as  to  keep  the  generator 
load  practically  constant. 

In  some  cases,  the  counter-e.m.f.  machine 
has  an  additional  fleld  winding  connected 
across  the  line  and  giving  a  constant  excita- 
tion. The  addition  of  this  winding  gives  more 
flexibility  to  the  system  and  permits  of  an 
adjustment  for  the  desired  performance  of 
the  battery.  Further  adjustment  is  made 
possible  by  using  a  rheostat  in  series  or  in 
parallel  with  the  fleld  generated  by  the  ex- 
citer, and  also  by  shunting  the  main  series 
winding  by  adjustable  resistances. 

21.  Vibrating-Contact  Booster  Reg^ilator — 
The  success  of  the  Tirrill  regulator  for  con- 
trolling voltage  in  generators  led  to  the  idea  of 
applying  the  same  principle  to  storage-batten* 
regulation.  Such  a  battery  regulator  with  vi- 
brating platinum  contacts  was  recently  devel- 
oped by  the  Westinghouse  Electric  &  Manu- 
facturing Company. 

In  common  with  the  systems  described  in 
§S  19  and  20,  the  booster  field  is  energized 
either  for  charge  or  for  discharge  by  a  sep- 
arate exciter.  The  exciter,  which  may  be 
either  direct-connected  to  the  booster  set  or 
driven  by  a  separate  motor,  has  two  equal 
and  opposite  fleld  windings,  connected  in  par- 
allel across  the  main  busbars.  A  third  field 
winding  is  connected  across  .the  armature 
terminals  of  the  exciter  and  is  its  regular 
shunt  winding.  A  platinum  contact  actuated 
by  the  main  generator  current  short-circuits 
a  resistance  in  series  with  either  one  or  the 
other  of  the  two  differential  windings  and 
makes  the  action  of  one  predominant.  The 
shunt  winding  immediately  begins  to  build  np 
the  exciter  current,  which  in  turn  effects  the 
desired  booster  regulation.  The  tendency  to 
OYer-regulate  is  checked  by  an  electro-magnet 
which  immediately  opens  the  platinam  con- 
Uct 
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22.  Storage  BatterteB  in  Alternatiog-Cur- 
rent  Planu — The  quesilon  of  equaliiiog  load 
in  altorDating-curroDl  power  plants  by  means 
of  ttorase  batteries  is  quite  important.  At 
present,  batteries  u^ed  in  largo  railway  and 
llSbiing  plants  are  usually  Installed  in  sub- 
staUons;  each  sub-station  is  thus  regulated 
■epArately.  A  better  economy  cuuld  be  ob- 
tained by  having  one  large  battery  in  the  gen- 
erator station,  even  though  it  would  necessi- 
tate extra  rotary  couTertors  or  motor-genera- 
tors between  the  line  and  the  battery. 


On  lluctuating  loads  such  butteries  have  to 
be  controlled  by  automatic  boosters  with  some 
relay  between  the  main  line  and  the  booster 
field.  The  requirement  in  most  cas(?s  would 
be  to  regulate  for  constant  K\V.  generator  out- 
put: the  current  then  varying  only  with  the 
power-factor. 

The  problem  is  in  rather  an  oxiMTlmental 
stage,  though  it  would  seem  that  the  systems 
of  regulation  descrilK^d  in  SS  11*  to  21  may  be 
made  to  openiti*  succesHfulIy  with  alternating 
currents. 


COALITE 


KKOM    "THE    CAN  A I II  AN    KNtSINEGK" 


A  nvw  fui.'I.  the  utse  of  which  is  claimed  to 
be  more  advantageous  than  coal,  is  being  put 
on  the  Engiiah  market  under  the  name  of 
"Coalite."  It  has  been  given  much  publicity 
tn   the  columns  of  British  Journals. 

It  is  claimed  that  this  fuel  will  burn  under 
any  ordinary  conditions  without  emitting 
smoky  gases,  and  that  it  has  a  higher  heat  ef- 
ficiency than  the  best  Welsh  steam  coal.  We 
have  had  several  inquiries  asking  (or  informa- 
tion regarding  this  new  fuel,  and  for  the  bene- 
fit of  those,  and  many  others  who  will  doubt- 
lees  be  Interested,  the  following  particulars, 
taken  from  the  London  Standard,  as  given: 

"Coalite  is  obtained  by  the  distillation  of 
bituminous  coal  of  any  size  or  quality,  and  the 
process  consists  in  carbonizing  such  coals  for 
a  period  of  eight  hours  in  flat,  rectangular  re- 
torts, ten  feet  In  length,  which  are  placed  ver- 
tically in  a  gas-flred  furnace,  the  temperature 
of  which  is  kept  at  800  F..  a  temperature  which 
Just  shows  a  dull  red  glow  when  shaded  from 
strong  light.  These  retorts  being  filled,  the 
swelling  of  the  coal  on  heating  causes  a  con- 
siderable pressure,  and  results  in  the  forma- 
tion of  a  product  of  good  density,  while  the 
low  temperature  prevents  the  whole  of  the 
Tolatilo  matter  from  being  expelled,  and  yields 
a  sabstance  which,  although  It  has  a  superficial 
reaemblance  to  coke,  differs  widely  from  it  In 
nansr  Important  points.  Each  retort  takes  16 
cwt.  of  coal  at  a  charge,  and  yields  approxi- 
matelsr  11  cwt.  of  coalite,  but  this  varies  with 
the  comiNMitlon  of  the  coal  used,  so  that,  al- 
thonsh  In  most  cases  the  yield  Is  TOCr  of  the 
coal  taken.  It  may  be  slightly  higher  or  lower. 


"The  temperature  at  which  coalite  is  formed 
is  nothing  comparable  with  the  white  heat  to 
which  ordinary  gas  retorts  are  subjei'ted,  with 
the  result  that  the  constituents  of  which  11- 
luuiinating  gus  is  composed  remain  behind  In 
coalite  to  an  extraordinary  extent.  The  pres- 
ence of  so  great  a  proportion  of  the  gaseoua 
elements  of  coal  also  secures  the  easy  ignition 
of  the  fuel  and  its  burning  with  a  gentle  flame; 
while  the  removal  of  the  superfluous  volatile 
elements  deprives  it  absolutely  of  the  power 
of  emitting  smoke  at  any  time  during  Ita  com* 
bustion." 

A  smokeless  fuel  that  will  even  compare  in 
value  to  bituminous  coal  is  much  to  be  dealred, 
especially  in  view  of  the  stringent  laws  that 
are  being  passed  in  almost  every  large  dty  for 
the  prevention  of  imoke.  If  this  new  fuel  la 
all  that  is  claimed  for  it  consumers  will  wel- 
come its  speedy  advent.  Not  only  will  It  be 
possible  to  use  it  for  manufacturing  and  do* 
mestic  purposes,  but  also  under  locomotives, 
the  smoke  from  which  is  very  noxious,  par* 
ticularly  where  much  shunting  is  done  within 
or  near  the  city  limits. 

Professor  Vivian  B.  I^wes,  of  the  Royal 
Naval  College.  Greenwich,  has  made  some  ex- 
haustive tests  with  "Coalite."  and  his  report 
on  same  contains  some  very  interesting  figures. 
According  to  the  report,  "Coalite"  has  a  heat- 
ing value  of  13.500  B.T.l*.  p«*r  pound.  That  of 
bituminous  coal  averages  14.s<^0  B.T.U.  These 
figures  would  lead  one  to  believe  that  coal  Is 
superior  to  "Coalite,"  but  it  is  claimed  that 
it  Is  not.  owing  to  the  fact  that  on  combus- 
tion most  of  the  calorific  value  of  "Coalite"  Is 
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converted  into  heat.  Exhaustive  tests  have 
shown  that  about  50%  only  of  the  calorific 
value  of  coal  can  be  obtained  from  it.  On  this 
basis,  taking  coal  with  a  heating  value  of  14,- 
800  B.T.U.,  only  about  7,500  B.T.U.  can  be 
utilized,  while  13,000  is  available  in  the 
"Coalite."  It  has  been  shown  by  test  that  a 
fire  of  "Coalite"  radiates  1.56  times  as  much 
heat  as  a  coal  fire  of  the  same  size,  and  from 
a  heat-producing  standpoint  the  "Coalite"  fire 
was  much  more  steady.  These  figures  are 
more  or  less  convincing,  but  it  is  hard  to  see 


how  coal  from  which  some  of  the  Tolatile  mat- 
ter has  been  extracted,  can  compare  in  vmloe 
with  the  original  article. 

In  the  manufacture  of  "Coalite**  tliere  are 
several  by-products,  among  which  is  a  spirit 
that  can  be  used  as  a  motor  fuel,  a  fuel  that 
can  be  sold  at  a  much  lower  price  than  either 
gasoline  or  petrol.  It  is  estimated  that  in 
treating  3,000,000  tons  of  coal  about  7,500.- 
000  gallons  of  benzol,  naphtha,  etc.,  are  ob- 
tained, and  a  large  percentage  of  this  is  suit- 
able for  use  in  motors. 


A  NEW  BLUE- BLACK  IRON  PAINT 

By  F.  J.  R.  CARULLA 


In  the  preparation  of  iron  and  steel  rods 
for  wire  drawing  and  galvanizing,  as  also  in 
the  preparation  of  plates  for  tinning,  etc.,  the 
iron  is  kept  for  a  time  in  a  bath  of  acid  to 
remove  the  scale.  The  acid  used  may  be 
sulphuric  acid,  when  a  solution  of  sulphate 
of  iron  ("copperas")  is  produced;  or  hydro- 
chloric acid  may  be  employed,  when  a  solutiou 
of  chloride  of  iron  is  obtained. 

Methods  have  been  devised  to  utilize  these 
solutions,  but  the  object  of  this  paper  is  to 
describe  the  one  which  is  the  most  valuable 
when  chloride  liquors  have  to  be  dealt  with. 

The  chloride  liquors  are  generally  dealt  with 
by  adding  some  base  which,  combining  with 
the  chlorine,  will  precipitate  the  iron  as  an 
oxide.  Lime  has  been  employed;  but  the  cal- 
cium chloride  produced  is  a  very  soluble  and 
deliquescent  substance  of  little  use.  Cer- 
tainly the  calcium  chloride  solution  might  be 
run  away,  but  it  is  said  to  have  been  suc- 
cessfully oinplo>od  for  watering  roads  and 
preveiuiTii;  the  du^it  arising  from  the  passage 
of  motor  rais.  Potasli  and  soda  have  also 
been  sui;i;o^tiHl  ami  omployod  as  bases  for  the 
preoipitatiou  of  iho  oxide  of  iron,  but  the 
prodm*t  obtained  has  obviously  a  value  ni-ich 
below  that  i>f  the  materials  employed. 

It  occurred  to  Dr.  C.  F.  Wiiiffiug  that  am- 
monia misht  be  emiUoyed  to  effect  the  precipi- 
tation in  question,  seeing  that  the  value  of  the 
ammonium  chloride  is  greater  than  that  of  the 
ammonia  emplo>ed. 

The  drawback  to  such  a  process  is  that  i\w 
volatile  nature  of  ammonia  necessitates  the 
use  of  apparatus  so  closed  as  to  preclude  the 
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escape  of  ammonia,  especially  as  the  liquor 
has  to  be  blown  for  a  long  period,  in  the  pres- 
ence of  ammonia,  some  of  which  the  air  would 
otherwise  carry  off. 

The  necessity  for  this  blowing  or  oxidation 
arises  from  the  fact  that  Dr.  WUlffing's  main 
object  is  to  obtain  a  black  oxide  of  iron,  which 
is  only  produced  after  long  exposure  to  the 
air  blast.  The  oxide  obtained  is  a  beautiful 
blue-black  color,  quite  insoluble  in  water,  and 
when  passed  into  the  filter-press  leaves  a  dear 
solution  of  ammonium  chloride  which  is  evap- 
orated and  allowed  to  crystallize. 

The  blue-black  precipitate  is  magnetic, 
showing  it  to  be  Fe,Oo  and  is  a  valuable  ad- 
dition to  the  list  of  pigments  that  can  be  cm- 
ployed  for  the  protection  of  structural  iron- 
work. 

By  similarly  treating  the  chloride  liquors 
with  other  bases  a  black  color  can  be  obtained, 
but  it  is  not  of  the  extreme  fineness  possessed 
by  the  substance  when  ammonia  is  employed. 
Whatever  method  may  be  employed,  absolute 
chemical  purity  is  unattainable.  If  the  pro- 
cess be  attempted  with  lime,  some  of  this  most 
undesirable  impurity  remains  behind,  the  color 
produced,  moreover,  being  of  a  poor  quality. 
With  ammonia,  ou  the  other  hand,  the  black 
oxido  is  left  with  a  trace  of  a  double  salt, 
whirh  Dr.  Wiiliting  regards  as  NH4CU  FeCl^ 
This  ;m  r<  beneti<  ially  on  the  paint,  although 
:mi:!:v  !:iu!J  ohlori'le  by  Itself  would  not  do  so, 
SLv.-^ires  tlir  have  been  painted  with  this 
Mi-'ImIv  e\i  !e  of  iron  iboiled  linseed  oil 
boiii;;;  isv.l  in  the  prepration  of  the  paint) 
have  kept  iiesh  though  exposed  to  the  weather 
for  noji!}  two  years,  still  showing  a  varnish- 
like  surface. 


m^sas'^m 


FT^qMAU.   ^OURSXS 


dMuilcitl  EqulvHlrnt  of  Llcht.-^iexperl- 
I  mvnilr  carri«d  oa(  l>y  Ur.  C.  V.  Dr>'s- 
utd  Mr.  A.  C  Jollcy,  Knd  reported  to  the 
dMT,  lead  to  tb«  cooduBlan  that  an 
x»  of  whlia  light  >hou1d  ylftld  about 
Bdl»-pe«*r  per  watt,  and  a  monocbro- 
r«lle«-cr«e>i  wurce  about  17  candle- 
p«r  mtL 


rMi.-^AccardliiK  to  a  writer  In 
iIliirK>«."  for  hlch  tensile  atrensth  and 
Ma  a  caiting  should  contain  from  20  tu 
of  Ita  total  carbon  aa  combined  carbon, 
•iBK  aBected  br  Ibe  proB«nc«  of  from  1  tu 
of  allloon  and  0.06';^  to  U.1d%  of  anlpbnr. 
to  thlckopiui,  witb  about  0.5%  of 
I  anal  from  O.S  la  0.5%  of  pboa- 
For  blsh  bending  atrengtb  com- 
vltb  low  toDElIn  '  Btronjctfa  tb«  silicon 
nsR*  from  l.t  lo  !i,  wltb  lln,  r  tDd 

aa  poaalblf-, 

Ur  o<  DayUgbt  IllmnlaaUun — Exp«rl- 
I  Id  Uunlcfa  last  August,  by  Unrr 
■las.  gar*  the  followlnit  resulis;  Pnr 
I  sarfacea  ai  ground  level,  direct  11- 
A.  M.  isllghl  mtet,  but  uo 
1^80  candle-feet:  12:30  V.  M. 
t  miiUght).  C,2!0  candlir-teet;  6;30  I'. 
I  (aB4]«-te»l.  Olber  exprrtmvntji  madv 
I  at  11  A.  H.  gale  values  of  from 
(  ttO  candk-faM,  for  varying  condtUoui 


1  16  lo  1  8  In.  Befora  Ibla  last  coat  baa  b^ 
gun  to  set  percAptlblf,  tbe  new  concrete  work 
Is  put  on  in  the  regular  way. 


Hr««k>r  LomIb  on  Rails. — According  to  Ur. 
U.  V.  Wllla,  ot  the  Baldwin  LooomoUre  Works. 
tbe  average  total  weight  on  (lie  driving  wheels 
of  locomotlTOa  baa  Increaaed  from  aboot  69,000 
lbs.  In  1S8S  to  over  180,000  lbs.  at  tbe  pres- 
ent time,  and  has  reached  a  maximum  of  J16,> 
000  lbs.  The  average  axle  load  has  Increased 
at  the  aame  time  from  SI. 000  lbs.  to  4S,000 
Iba.  Tbe  percentages  of  increase  for  Iha  var- 
ious classes  of  englnn  all  converge  to  a  com- 
mon value,  showing  that  tbe  Increase  la  be- 
ing cared  tor  by  distributing  It  over  a  grealur 
number  of  drireri. 


8nuw-Loa<l  on  Koofs  In  tbe  subject  of  soma 
rvMDi  inTeBilgDtionfl  by  Mr.  8.  da  Pernit,  ot 
Neuenburg,  Swltierland.  Wbere  s  heavy  fall 
of  anow  la  followed  by  thawing  and  frvsalng 
successively  and  then  more  snow,  and  thus  in 
repeated  cycles,  a  coherent  laminar  mass  of 
snow  and  ice  Is  formod  on  roofs,  whldi  t«  uf 
remarkable  density.  Several  such  "snow"  sc- 
cumnlatlotis  proved  to  hare  a  weight  of  3G  lo 
38  lbs.  per  ruble  toot.  In  these  caaee  the 
tblcknesa  of  tbe  accumulated  snow  on  tbe  roof 
was  31  Ins.  to  3!  in*.,  thus  producing  a  load 
of  TO  lbs.  to  100  lbs.  per  square  fooC  Tbia 
Is  three  or  four  times  aa  much  aa  la  ooiBmoiiljr 
assumed  in  calculations. — '*The  EacllMer" 
( London  I . 


[  Mew  Concrrie  to  Old   W'urk. — The 

patented    process    for   accomplishing 

s  of  thoroughly  washing  the  anrface 

^«ld  mocrvle  with  water,  and  tbeo  4ood- 

»  surface  thus  cleaned   with  a  pntpsra- 

iblcb    removes   tbe    greasy    01m     which 

n  concrete  surface*  hardened  under  ex- 

)  to  air.     This   mixture   U  swept   dowly 

I   surface   until    Its   ■trrugth   la   spent. 

Ekla  tlie  snrtatw   >■  waahcil   with   water, 

Icrcam  of  rement  and   wntrr  Is  applied. 

I  than  brushed  with  brooms,  and  a  paste 

t  crauB  of  cement  and  waiar  la  spread 

'   ibe  surface   to  a  depth   of   from 


BlBb-PreaaBre  StokM,. — Important  reaawBhai 
upon  the  use  of  hlgb-praaaure  atnaai — op  lo 
1,^00  Iba.  per  sq.  in. — In  ateam  Inrblaaa  hare 
been  vondudMl  by  Dr.  d«  L^val.  Ha  flnds  tliat 
tbe  ptweent  tahlea  giving  Um  proprrtlse  atioin 
Sotf  Iba.  pneanr* — ISI*  T. — are  nnrellable. 
(he  values  having  l>een  extrapolaled.  One  re- 
narhable  deduvUon  Is  that  at  about  <10 ' 
ataam  aeema  to  have  a  maximum  eAdeno'. 
Thla  la  apiiarently  paradoxical,  for  theoreti- 
cally the  thermodynamic  efllctent?  la  greater 
(bti  higher  the  temperatnre.  The  ijtrohable 
cipUnaitoo  !■  Ihe  rapid  decreaaa  In  tbe  lala«t 
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heat  as  the  critical  temperature — 689^,  ac- 
cording to  Cailletet;  698*",  according  to  Reg- 
nault,  Is  approached.  —  "The  Eingineer" 
(London). 


Molting  and  Boiling  Points. — The  following 
table,  taken  from  "The  Mining  World,"  is 
baaed  on  the  authority  of  Dr.  J.  A.  Harker  of 
the  National  Physical  laboratory  of  England, 
and  is  published  as  an  important  reference 
table  for  scientific  and  technical  workers:    ^ 

Centi-  Pahren- 

Boiling  points.  grade,  heit. 

Liquid  hydrogen — 253  — 423 

Liquid  oxygen — 182  — 295 

Mercury  (freezing) —  39  —  38 

Water  at  760  mm.  pressure...  100  212 

Sulphur  at  760  mm.  pressure. .  445  833 
Melting   points. 

Tin 232  449 

Lead 427  620 

Zinc   419  786 

Antimony   632  1169 

Aluminum 657  1214 

Common  aalt 800  1472 

SllTer   (in  air) 955  1751 

Silver  (in  reducing  atmosphere)  962  1763 

Gold 1064  1947 

Copper  (in  air) 1062  1943 

Copper     (in     reducing     atmos- 
phere)      10S4  1983 

Nickel 1427  2600 

Pure  iron 1503  2737 

Platinum   1710  3110 


1>oct>nipo«ition  of  Platiniiiit.— Dr.  Theodore 
Qros$e  the  Gorman  chemist,  has  juet  announced 
through  the  "Chomlker  Zeltung"  that  by  a 
combination  of  physical  and  ohomlcal  forces 
he  has  bn>uicht  about  the  deix"»ui  posit  Ion  of 
platinum,  which  has  hitherto  been  looked  upon 
as  a  siujilo  olomont.  "This  disoovery.  if  sub- 
stantia tod.  '  says  Or.  W.  A.  Ham  or,  roi^earoh 
chouust  of  tho  OoHogo  of  Now  York,  "will 
rank  wi:h  Sir  wr.Mam  U.*^ms;\y*s  roivnt  dojrra- 
dafion  of  ropivr  Into  lithiuii).  as  of  tho  inmost 
import  a  n*v  to  ohomists.  thoujih  prv^baMy  of  :*iO 
gnsit  com«UMvi:il  sicuit^oAuoo  '* 

l"*r.  Gn^so  srt>s  \\\;\*^  ^\^.on  tho  d«vom posi- 
tion of  platnunu  \xns  offootovi  ho  oVtaJno^l  ;vn 
unknown  ^'hoiv.ual  o^•v,^^•v.;  * ov.s'.svinj:  of  M.-^rk 
cr yst rt  1  s  in  u o  x^  c* >  r<^ ^ p o v. .^ *. v. c  ; o  t h o  v, s^,: a  1 
tests   of    ^^^at\nl:nl 


His  method  was  as  follows:  Molten  potas- 
sium carbonate  was  subjected  to  great  heat 
in  a  platinum  vessel.  This  was  for  many  hours 
subjected  to  an  alternating  electric  current  be- 
tween platinum  electrodes,  wittr  the  occasional 
addition  of  nitre.  By  this  treatment  the  elec- 
trodes were  attacked  and  became  coated  with 
needle  shaped  crystals  of  the  color  of  charcoal. 
At  the  same  time  the  platinum  vessel  and  elec- 
trodes lost  weight,  and  on  extracting  the  melt 
a  brown  powder,  free  from  potash  and  car- 
bon, was  obtained. 

The  crystals  and  powder  yielded  solutions 
which  were  precipitated  by  sulphuretted  hydro- 
gen, but  no  platinum  was  present.  Dr.  Grosse 
confirmed  this  by  experimenting  with  melted 
potash  and  a  mixture  of  the  two  strongest 
acids,  sulphuric  and  nitric,  which  respectively 
replaced  the  carbonite  of  potash.  The  crystals 
and  brown  powder  thus  revealed  the  presence 
of  an  unknown  substance,  and  consequently 
a  new  element. — "New  York  Times." 


The  Efficiency  of  Cradble  Fnnuices  is  al- 
ways very  low.  In  round  numbers  about  100 
lbs.  of  coke  will  be  required  to  melt  100  lbs. 
of  brass.  The  amount  of  heat  theoretically  re- 
quired can  be  calculated.  Assume  that  it  is 
copper  which  is  to  be  melted  for  convenience 
i  melting  point  1,085"*  C).  The  specific  heat 
of  copper  is,  according  to  Frazer  and  Richards. 
0.0939 -r0.0000177St,  so  that  the  heat  required 
to  raise  1  lb.  of  copper  from  0"*  to  its  melting 
point.  1.0S5<>  C,  will  be  1,085  x  [0.0939  + 
(0,00001778  X  1.085)1=  122  units  approx.  Tak- 
ing the  latent  heat  of  fusion  to  be  45,  the  heat 
required  to  raise  1  lb.  of  copper  to  its  melting 
point  and  to  melt  it  would  be  about  167  units, 
or  for  I0i>  lbs.,  16.700.  As  coke  may  be  taken 
as  having  a  calorific  power  of.  say,  6,400,  2.6 
lbs.  of  coke  would  be  sufficient  to  melt  100 
lbs.  of  copper.  Taking  the  amount  given 
abovo.    The   efficiency   of   the   furnace    will   be 


l\6-  . 

It  i?  easy  to  see  the  sources  of  the  loss:  (1) 
Tho  ooke  is  not  completely  burnt  to  carbon- 
d:o\:tfo.  ^'.:^  a  considerable  portion  escapes  as 
varN'»r.-r.:o:i oxide:  <2>  the  products  of  com- 
V^isTion  r.:j?:  leave  the  furnace  at  a  high  tem- 
per.^: uro  In  order  to  produce  a  draft.  These 
so*,:r.o5  of  !oss  o&nnoi  be  avoided,  but  owing 
:o  :;\v.'::v  fv.-'-.'i.'v  construction,  the  actual  loss 
is  oJ":t::  r.-uci:  h:c>.er  than  it  need  be. — "The 
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W       THE  PHYSICAL  SIDE  OF  BOOKS 


To  book  r«ftd«ra,  as  wall  ■■  lo  Utcwe  who 
work  Broong  books.  It  la  worth  while  to  be- 
come fuDlIlar  with  thvir  pbyBlcal  features — 
Ui*lr  bladlnK,  paper,  type,  llluBiratlonB  and 
other  like  s^rt*.  To  Imrn  about  theee  tblnse 
p*;a.  became  knowlettge  ot  tbem  adds  to  ib« 
•am  of  oBtt'*  Interoat  and  becauM  much  of 
Um  kuawledse  one  mar  acQuIre  about  Lhem  la 
of  actual  nae  Id  dklly  work,  helplns  to  Judge 
of  book  Talaea,  to  order  blndlnga  witb  dls- 
aimlnatloo  and  lo  handle  books  with  good 
JadKiDvat;  aealn,  because  In  Itarnlns  ebuut 
t^  pbralcal  teatures  of  a  book  one  not  only 
ceta  uwtul  tnformatloa  on  several  trades 
whl«b  are  iiarta  of  the  broader  trade  of  book- 
Buklns,  but  K?qulrM  also  that  babit  of  crltl- 
dalnc.  mtlmatlDK.  or  appreolatlDg  which  leads 
to  the  developnieDt  of  good  taste  and  to  an 
latenal  In  objecta  of  art. 

Is  an  article  In  "The  Ubrarr  Journal."  Mr. 
Jobn  C.  Dana,  Librarian  of  the  Newark  |N. 
J.)  Pnbllc  Ubrarr,  trcaU  this  subject  from 
Ui*  vlflwpoUtt  of  the  librarian.  Ho  selectH  >7 
thlnia  la  books  aa  eapoclally  worthy  of  study 
■ad  mncata  that  librarians  and  ibeir  assla* 
tuts  mako  a  collection  of  specimens,  care- 
fuUr  motiBtad  and  arraoged  for  detailed 
attidj'.  To  the  aT«rajc«  reader  of  books,  bow 
•rar,  Uils  detailed  study  would  answer  no  nse- 
tnl  pvrpota.  bat  still,  some  knowledce  of  the 
etaaravlerlstlca  of  the  materials  that  enter  Into 
tke  manafacture  of  books  would  add  some- 
wkat  lo  the  Interest  In  them. 

Few  pablUhera  print  their  own  books.  The 
making  of  biwks  is  a  special  part  of  tfae  great 
Held  n(  iirlntlng.  Dook  makers  of  the  t>ett«r 
•ort  bate  In  their  (employ  ripcri  dtwlcners  who 
lay  oat  books  for  compoellors  and  pressmen, 
mecfa  as  an  arrbliiH-t  lay*  oat  a  house  tor 
iDMnns  and  carpeniers.  The  d<«lgner  eiainlnee 
tke  naavsrrlpt  and  discusses  it  with  the  pub- 
llaber;  then,  taking  Into  canslderalloo  Its  sub- 
Jert.  lenglfa.  character,  style,  probable  market, 
appmprlaie   price,   imestble   nslcs   and   number 


of  copies  to  be  Issued,  speclftes  Its  paper,  type, 
slie  of  the  pages  of  type  and  paper,  head  llnaa. 
title  page,  chapter  headings,  ornaments,  bind- 
ing, and  all  the  other  details  tbat  go  Into  Its 
construcUoa.  As  an  expert  book  deolsner  be 
Is  familiar  wItb  every  feature  of  booknaklni, 
and  every  book  he  lays  out  speaks  tbrougb  all 
lU  parts  of  hi*  skill  and  knowledge,  or  of  his 
lack  thereof.* 

The  physical  features  of  books  Include: 
Book  papers.  Inks,  sad  bindings  of  paper, 
cloth  and  leather. 

Most  of  the  book  papers  of  today  are  made 
of  rags  and  wood  fibres;  among  other  mate- 
rials used  are  the  waste  product  of  sugar  cane, 
corn  stalks,  bemp.  wild  clover  and  several 
other  plants  which  have  a  good  Bbre.  Of 
rags,  only  linen  and  cotton  are  used.  Linen 
rage  make  a  strong  paper  which  Is  mostly 
used  In  ntauu factoring  tine  writing  paper*, 
ledgers  and  covers  for  books  wbere  strength 
Is  necessary.  The  stock  usually  used  (or 
books  Is  made  from  spruce  or  Or  pulp.  This 
Is  reduced  or  disintegrated  ollber  by  sul- 
pburona  add  or  by  caustic  soda,  or  by  grtlid- 
Ing:  this  last  Is  used  for  stock  to  very  low 
grades  of  paper,  such  as  newspaper  and  wrap- 
ping paper  but  rarely  for  book  paper.  Many 
persons  tblnk  that  this  gronad  wood,  which 
Is  merely  spruce  ground  very  line  Into  pulp. 
Is  used  tor  book  papers:  but  U  It  were,  tbe 
paper  would  not  last  long  and  wonld  almoat 
Immediately  discolor  on  exposure  to  Ufthl  and 
air.  There  Is  a  theory  Uiat  no  paper  made 
Irom  wood  Dbrc  is  lasting,  and  that  high 
grades  of  paper  for  fine  books  sbonld  be  made 
only  of  rags,  but  this  ts  erroneous,  tor  wood 
and  rag  stock  nowadays  aro  treated  and  pre- 
pared In  tbe  same  way,  and  only  practically 
pure  celluloee  matter  goes  Into  the  paper.     It 

*Ib  thi*  niDDKtlaD.  n  ivfn-  th«  tes<»r  le  th«  •rttela. 
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would  be  a  different  matter,  however,  if  crude 
ground  wood  were  used  for  fine  papers,  for  in 
this  stock  the  cellulose  matter  is  not  sep- 
arated. 

Besides  the  regular  paper  stock  used  in 
making  the  book,  there  is  a  lining  paper,  used 
to  line  the  insides  of  the  covers.  In  most 
books,  this  is  simply  a  sheet  of  paper  on  which 
the  book  is  printed;  the  first  and  last  leaves 
being  pasted  down  to  the  covers,  front  and 
back.  But  many  books,  and  especially  the 
carefully  bound  ones,  have  lining  papers  se- 
lected wi^h  reference  to  their  size  and  charac- 
ter, to  the  color  of  the  leather  on  their  backs 
and  of  the  paper  or  cloth  on  their  sides. 

Printing  ink  consists  of  a  pigment,  black, 
white  or  colored,  ground  Into  a  suitable  var- 
nish. The  pigment  is  that  constituent  which 
makes  the  impression  visible,  while  the  var- 
nish is  the  vehicle  which  carries  the  pigment 
during  the  operation  of  grinding  and  during 
its  distribution  on  the  press  to  the  type,  from 
the  type  to  the  paper  and  ultimately  binds  it 
to  the  paper.  The  machinery  used  to  accom- 
plish this  grinding  and  mixing  consists,  first, 
of  mixers,  in  which  the  ingredients  are  thor- 
oughly incorporated  with  each  other.  This  be- 
ing done,  the  resulting  mixture  or  "pulp,"  is 
ground  up  in  mills  formed  of  cylinders  set  in 
close  contact.  Between  these  rolls  the  pulp 
is  passed  again  and  again,  the  number  of 
times  being  dependent  upon  the  consistency 
of  the  ink  and  the  nature  of  the  pigments; 
until  it  is  ground  to  the  utmost  fineness.  The 
result  is  printing  ink  as  it  is  known  to  the 
printer,  varying  in  consistency,  strength,  in- 
tensity, permanency,  brilliancy,  drying,  and 
other  working  qualities,  according  to  the  na- 
ture of  the  various  varnishes,  dryers,  and  pig- 
ments from  which  it  is  made. 

Bindings  are  of  paper,  cloth  or  leather. 
The  paiH>r  covers  are  used  for  pamphlets  and 
cheap  eiiitious  and  an>  made  in  an  endless 
variety  of  Quality,  weiicht  and  color.  The 
great  majority  of  books  of  all  kinds  are  now 
bound  in  cloth,  buc  until  the  beginning  of  the 
last  ixnitury  cloth  was  almost  unknown  as  a 
material  for  iwertus  a  book.  Books  ^ore 
then  \tTy  cvViitlv.  beiu^:  printed  by  baud  on 
(vilH^r  luado  b>  haui),  and  we^?  cv>as:dored 
worth>  of  tho  luvvit  *nsiitij;  bindiiXiKt-  As  the* 
life  of  books  *Ioim*».IxIs  oh  tfco  s"rxnii::h  ,\ad 
weariut:  uut^''-^'^  ^^*  *•■»'  vVxo*.s.  s*.uh  luaioria-s 
as  wo^hI.  xoHuiu  aud  '.i^uht*i\  ofieu  reiuforv*^ 
with  luotnl.  vk^vx^  hviu'ia!^  u*xsi.  During  the 
past  wutuvN  uuiMo\\*uun\is  iu  methods  and 
machiuory     >*%   iv,t\uv*|     ilu*   vost   of    printed 


sheets  that  a  demand  arose  for  a  correspond- 
ingly cheaper  material  for  bindings.  The 
want  was  satisfactorily  met  by  the  use  of 
cloth,  and  from  the  day  that  it  was  first  used 
it  has  become  more  and  more  a  factor  in 
book  manufacturing.  Book  cloths,  from  their 
appearance  and  manufacture,  fall  into  two 
divisions,  the  first  being  called  "solid  colors" 
in  which  the  threads  of  the  cloth  are  not 
easily  distinguishable.  The  second  divisioD 
consists  of  the  "linens"  and  "buckrams"  in 
which  each  thread,  with  the  imperfections  and 
peculiarities  of  the  weaving,  are  plainly  seen 
and  form  a  large  part  of  their  picturesque 
effect. 

The  first  of  the  "solid  colors"  to  be 
used  was  black  cloth,  but  they  are  now  made 
in  many  colors,  though  chiefly  in  simple  pro- 
nounced shades,  such  as  browns,  blues, 
greens,  and  reds.  These  cloths  are  dyed  and 
sized  with  a  stiffening  preparation.  They 
are  used  in  various  patterns,  which  are  em- 
bossed on  the  surface  during  the  process  of 
manufacture. 

Of  the  second  division  of  cloths,  in  which 
the  appearance  of  the  threads  becomes  a  part 
of  the  effect,  there  are  first  the  "linen" 
cloths.  The  chief  characteristics  of  these  is 
that  the  coloring  used  fills  the  interstices, 
but  allows  all  the  threads  to  be  clearly  seen. 
The  irregularities  of  the  weaving,  therefore, 
stand  out  plainly,  and  produce  to  a  certain 
extent  the  appearance  of  woven  linen  fabrics. 
The  linen  cloths  are  specially  used  for  school 
and  other  books  which  are  constantly  hand- 
led, as  their  construction  shows  the  wear  less 
than  do  the  solid  colors. 

A  "linen"  cloth,  observed  through  a  micro- 
scope which  magnifies  the  threads  to  a  coarse- 
ness of  about  forty  to  an  inch,  gives  the  exact 
appearance  of  a  "buckram,"  which  is  a 
heavy,  strong  cloth  well  adapted  to  large 
books  and  which  furnishes  the  most  durable 
binding  of  all  the  book  cloths. 

Buckrams  are  sometimes  embossed  to  imi- 
tate in  part  the  appearance  of  an  irregularly 
woven  fabric  called  "crash."  This  is  a  spe- 
cial o:o;h  which  might  be  classed  with  the 
buckrams,  and  when  suitably  used  is  a  very 
ar::si:c  uiaterial. 

l^.^skc:  c:o:h  is  still  another  material  which 
coi:M  ^o  :r.c:*:».!ed  with  the  buckrams.  In 
this  <riidc  o'  cloth  the  threads  are  woven 
ia  sx;."..;rcs  !>>s*-:v.^:iai:  a  basket  mesh,  from 
whic>.  fa.-:  :>c  ;:?.r.:o  is  derived. 

.  Ov.c    ca"" o*.    >:Ar.i    before    the    windows   of 
«tt>"    :.iric    t-o;\    <:.^re.    especially    at    holiday 
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dain.  wltboot  being  ImpraMed  with  the  iioe- 
altalllUe*  oSertHl  bjr  the  tnanT  miors  nail  pnt- 
t«rD»  of  cloths  knd  the  varl«d  buea  ot  Inkii 
and  •mboMlnia.  The  dealgnnr  of  book  cnven 
hk*  Burclr  •  wider  field  to^ar  than  whoo 
be  conBoed  his  atlentlun  cntlroly  to 
mskluK  dedcua  tor  single  leather-bound 
(ulloa. 

For  leather  bindings  there  Is  hardlf  any 
fiMri  at  tbo  world  that  has  not  he«n  drawn 
niMn  for  sulutble  >ktns.  These  are  generally 
go«t.  sv«l.  pigakln.  cowhide,  calf,  and  sheep, 
uiil    tker    Tarf    In    quality    acrardluK    to    the 


countrr  ther  come  from  uid  the  maaner  la 
which  thoy  are  car«d  for.  the  stall-ted  ani* 
mals.  or  those  thai  are  protected  from  Morin 
and  hare  regular  food,  prodacInK  the  best 
skins.  Leather  manulacturera  ar«  able,  by 
using  splitting  machines,  to  split  sklsa  so 
that  both  parts  at  a  skin  can  be  naed.  Were 
tbta  not  the  iMt*.  It  would  be  ImpoMlbl*  for 
the  binder  to  supply  the  needs  of  bis  cu»- 
tomers.  as  the  output  does  not  keep  pac*  trlUi 
the  demand.  In  tact  binder*  ar«  conslnatly 
looking  tor  substitutes,  bnt,  after  all,  there 
is  nothing  so  good  as  leather. 
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AMERICAN  AND  BRITISH  PUBLISHERS 

THEIR  "TRADE  MARKS"  AND  SOME  INTERE5TINC  DATA 


In  the  November  'Teihultnl  l.Ut^ramn," 
aoBie  data  regarding  a  number  ol  American 
pot>ll*ben  were  RlTi>n;  Id  this  Issue  we  i>on- 
cinde  tb«  list  with  the  addition  at  the  prln- 
dpftl  Brillab  honsea. 

SID.VEY  APPLETON.  Lon- 
r  ,.-iu.  Founded  1901.  Publish 
LV     '  iiiji  :iiional,    medical    and    sclen- 

]<■  tii>oka  and  act  as  Eurupean 

L'liii^    for   D.   Appleion    £    Co., 

*    York. 

ADAH  AND  CHARLES  QLACK,  London. 
founded  I  HOT  by  Adani  Black:  present  head  uf 
bouse.  Adam  Black,  grandson  ot  founder. 
Publish  general  and  educational  literature. 

■  BLACKIG  It  SON,  Ltd.,  London,  Dublin  and 
■iKDhay,  Pounded  1S06  by  John  BlackU-, 
Hir>;  Cbalrtnan  or  present  company.  J.  Atft- 
iteder  Blackle.  Publish  educnilonal.  teubnlcal 
uhI  genefBl  literature. 

One  of  the  nldesi  British  publlshlDg  house's 
and  eilsied  many  years  befom  IMOS  under  th.i 
name  of  A.  A  J.  JJrownlle.  Into  whom.'  employ- 
meal  John  Htackle  onierM  a*  n  youth.  Kb 
Anally  suc«emted  to  the  buMluess  sud  In  time 
look  Itls  sons  Into  partnership,  which  was 
later  Incorporated  into  a  private  limited  com- 
pany, all  the  directors  bring  direct  descvnd- 
MUa  Cnm  the  original  John   Btacklc,  8r. 


JAMES  DROW.N  A  BON, 
Cliiseuw  and  I^ndou. 
KoLiiitlcd  1  RaZ  by  JamH 
Browu:  present  head  ot- 
tirai.  H.  Irving  Brown. 
FubliBhors  of  the  "Nautical 
Mngailnv."  I  established 

1 823 1 .    and     nautical    book*    and    almanacs: 
abtiui    60   lltlei. 

Devlca  a  registered  Irnde-mark,  slgultylns 
navigation. 

The     BOBBS^MKKItlLL     CO..    Indianapolis 
and  Now   York.     Puundrd  Id   t83S   by  Samnsl 
Merrill.     Present  head  ot  house.  W.  C.  Bobbs. 
Publish    general    Utsrature.    prloclpally    De- 
ll on   and   poetry. 

CAMBRlDOe  r  N  I  - 
VEBSITY  PRESS,  Lob- 
dbn  and  Qlasxow,  witli 
aiCfnclee  Id  the  L'nlled 
t>is(es,  Canada  and  In- 
dio.  Founded  In  ISSO 
bv  iho  L'nlrerslty  of 
Cambridge,  now  roa> 
lr«tls4l  by  Ibe  Syndks  Of 
the  Pran — a  bod/  eboeMt 
from  the  SenaU  of  Um  DBhreraltr- 

The  pablkatlons  ot  Um  CanbrMge  Preas 
number  very  many  thousands  and  Include  a 
large  proptirtitm  ot  the  most  Important  warka 
published  In  England  on  hlglier  nuithcmatlM. 
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physics,  chemistry  and  general  science,  and 
also  an  Important  series  of  works  in  English 
literature,  general  literature  and  history,  the- 
ology and  philosophy. 

The  device  used  on  the  covers  of  all  or 
nearly  all  books  is  a  representation  of  the 
arms  of  the  University  of  Cambridge. 

WILLIAM  AND  ROBERT  CHAMBERS,  Lon- 
don and  Edinburgh.  Founded  1832  by  Wm. 
and  Robt.  Chambers;  present  head  of  the 
house,  Charles  E.  S.  Chambers,  grandson  of 
Robt.  Chambers.  Publishers  of  ''Chambers' 
Journal,"  Chambers'  Encylopedia  and  school 
books. 

CHAPMAN  &  HALL,  Ltd.,  London. 
Founded  in  1830  by  Messrs.  Chapman  and 
Hall  as  a  partnership. 

Publish  technical  and  general  literature  and 
act  as  British  agents  for  John  Wiley  &  Sons, 
of  New  York. 

CHATTO  AND  WINDUS,  Lon- 
don and  New  York.  Founded 
1853  by  John  Camden  Hatten, 
who  died  in  1873  and  was  suc- 
ceeded by  the  present  firm,  of  which  Mr.  An- 
drew Chatto  is  head. 

Publish  art,  fiction  and  general  literature. 
Device  consists  of  head  of  Minerva  from  a  gold 
stater   of  Alexander   the   Great,   struck   about 

B.  C.  330,  probably  at  Corinth. 

W.  C.  and  F.  P.  CHURCH,  New  York  and 
Washington.  Founded  in  1863  by  the  present 
head  of  the  firm,  W.  C.  Church.  Military  and 
naval  works;  10  titles. 

J.  AND  A.  CHURCHILL.  London.  Founded 
1825  by  John  Churchill;  firm  now  consisting 
of  Augustus,  A.  William  and  J.  Theodore 
Churchill.  Publish  medical  and  scientific 
books. 

MYRON  C.  CLARK  PUBLISHING  CO.,  Chi- 
cago and  New  York.     Founded  1904  by  Myron 

C.  Clark. 

Publishers  of  **Knglnei?rlng-Contracting.'* 
"Roadmaster  and  Fort>nian,'*  *'Chemlcal  Engi- 
neer** and  twhnlcal  books;  about  20  titles. 

P.  F.  COLLI KK  1^  SON.  Now  York,  with 
branches  in  Inrux*  cHl«^8  of  Tnttod  States  smd 
Canada. 

Foundod  In  tSTfe  by  Potor  K.  OoUlor.  sstlU 
head  of  firm.  ruhUwh  povlo^Uont  n«d  wtswl- 
laneouM  Utorwtu^'ii;  nt^oMt  HOO  tUlon,  \*so  a 
device  of  a  pvn^ly  i»>«0>»>Uo  o^rt\rtot«M\ 


CONCRETE  PUBLISHING  COMPANY,  De- 
troit. Founded  1904  by  D.  N.  Harper;  pres- 
ent head  of  company,  E.  R.  Kranich. 

Publishers  of  "Concrete"  and  books  relating 
to  cement  and  concrete.  Use  as  a  publisher's 
mark  the  name  of  the  publication. 

CROSBY  LOCKWOOD  &  SON, 
London.  Founded  1860.  Pub- 
lish technical,  scientifle  and  edu- 
cational books;  about  1,000  titles. 
Device  represents  a  hand  hold- 
ing a  torch  with  the  motto  "Capio 
Lumen" — "I  hold  a  torch" — the 
initials  of  which  are  the  same  as  those  of  the 
firm  name. 

DAWBARN  AND  WARD,  Ltd.,  London  and 
New  York.  Founded  in  1894  by  John  C. 
Dawbarn  and  H.  S.  Ward;  still  principal  di- 
rectors. Publish  books  on  photognraphy,  han- 
dicrafts, horticulture,  agriculture,  etc.;  about 
150  titles.  Use  as  a  special  mark  a  diagonal 
band  of  dark  blue  on  light  gray  covers. 

G.  W.  DILLINGHAM  COMPANY,  New  York. 
Founded  1857  by  Geo.  W.  Carleton;  present 
head  of  house,  John  H.  Cook. 

Publishers  of  fiction  and  miscellaneous 
books;  about  1,100  titles. 

Ji^^  Since  its  foundation  the  firm  has 
^VM^  passed  through  various  changes  in 
name — Rudd  and  Carleton  and  G.  W.  Carleton 
&  Co.,  before  the  formation  of  the  present 
company. 

The  device  used  is  merely  the  Arabic  sign 
for  **Books,"  but  It  also  serves  as  a  monogram 
of  the  letters  G.  W.  C. 

THE  GRESHAM  PUBLISHING  CO.,  Lon- 
don, Dublin  and  Bombay.  Founded  1898. 
Publishers  of  technical  and  standard  works  of 
reference;  about  50  titles. 

THE  GORHAM  PRESS.  Boston.  Founded 
1901  by  present  head  of  house,  Richard  G. 
Badger.  Publish  special  magazines  and  gen- 
eral books;   about  250  titles. 

I>evice  represents  the  tree  of  knowledge  and 
apple  of  learning;  an  outgrowth  of  the  print- 
ing press, 

NORMAN  W.   HENLEY  &  COMPANY,  New 

York.     Founded  1S90  by  Norman  W.  Henley. 

Technical,    scientific    and    practical    books; 

about  100  lilies, 

novice.  Lamp  of  Knowledge. 
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ilfcbOiiTKIAL  PUBLICATION  CO.,  New 
York  (Charles  Q.  Felk«r).  Founded  1870  by 
John  Pbln. 

Building  tradeB,  principally  carpentry;    110 

Device  la  a  plctorl- 
il  repreaentattou  of 
he  old  auotatloas 
^"Knowledge  Is  Pow- 
'  and  "The  Pen  U 
Mightier  Than  the 
Sword."  The  pen, 
resting  on  the  print- 
ing press  as  a  fulcrum.  Is  the  lever  that  raises 
the  world,  while  the  sword  breaks  In  the  at- 
tempt. 

THE  KOHLBR  PUBLISHING  CO..  Philadel- 
phia, Pa.  Fouoded  1848  by  Ignatius  Kohler; 
present  head  of  the  bouse,  Rudolph  K.  Wolf. 

Publishers  of  religious,  classical  literature 
.and  dictionaries;  about  150  titles. 

LEA  BROTHERS  &  CO.,  Philadelphia  and 
New  York.  Founded  1TS5  by  Mathew  Carey. 
Publishers  of  Medical  and  Historical  books. 
The  device  used  by  this  house  is  a  shield 
■with  the  motto  "Quae  Proaunt  Omnibus" — 
"Those  things  which  benefit  all" — about  the 
«dge.  On  the  face  of  the  shield  la  the  winged 
ataff  oC  Mercury,  the  God  ol  arts  and  sciences, 
with  the  two  Enakea  entwined  about  It.  The 
wings  of  the  staff  typify  Mercury  as  the  mes- 
.aenger  of  the  gods  and  the  dlftuaer  of  knowl- 
edge. As  a  whole  the  Imprint  denotes  the 
.universal  benefits  flowing  from  the  dissemina- 
tion of  medical  knowledge. 

A.  C.  McCLURG  &  CO.  (Incorporated),  Chi- 
cago and  New  York.     William  F.  Zimmerman, 
President.      Established    1844 
s  W.  W.  Barlow  &  Co.     Gen- 
^  cral    literature;    about    1,000 
]  titles. 

Device:  A  scroll  work  em- 
i  bodying  the  acorn,  which  was 
i  selected  by  the  late  president 
of  the  house,  General  A.  C. 
'  McClurg,  for  the  reason  that  it  was  the  badge 
of  the  14th  Army  Corps,  to  which  he  was  at- 
tached during  the  Civil  War. 

McGRAW  PUBLISHING  CO.,  New  York.  An 
'  amalagamatioQ  of  several  companies  doing 
business  since  1874.  James  H.  McGraw,  pres- 
ident. 

Publish  "Engineering  Record,"  "Electrical 
World,"  "Street  Railway  Journal"  and  techni- 
cal and  engineering  books;  about  250  titles. 


LITERATURE 

METHUEN  &  COMPANY,  London.  Founded 
1889  by  Algernon  M.  S.  Mettauen.  Publtsh 
fiction  and  general  literature;  about  3,000 
titles. 

MOODY  CORPORATION,  New  York  and 
Chicago.  Founded  1900  by  John  Moody,  now 
president  of  company. 

Publishers  of  financial  books;    25  UUes. 

Device  used  Is  a  monogram  arrangement  of 
the  initials  of  the  company. 

MUNN  &  CO.,  New  York  and  Washington. 
D.  C.  Founded  in  1845  by  Orson  D.  Hnno 
and  Alfred  E.  Beach.  Present  head  of  com- 
pany, Charles  A.  Munn,  president. 

Publishers  of  "Scientific  Americao"  and  sci- 
entific books;   15  titles. 

JOHN  MURRAY,  London.  Founded  1768 
by  John  Murray;  now  controlled  by  John  Mur- 
ray, the  fourth  In  direct  succession. 

Publishes  biographical  and  general  litera- 
ture. 

J.  S.  OGILVIE  PUBLISHING  COMPANY, 
New  York.  Founded  In  1882  by  J.  S.  Ogilvie. 
Publishers  of  fiction  and  technical  books; 
about  1,000  titles. 

THE  OLD  GREEK  PRESS,  Chicago. 
Founded  1903  by  Sherwin  Cody. 

Publish  books  on  literature  and  commercial 
English;  20  titles. 

Device  is  adopted  from  Flaxman's  head  ot 
Homer. 

OXFORD  UNIVERSITY  PRESS,  London. 
Edinburgh,  Glasgow,  New  York  and  Toronto. 
Founded  in  1713  by  Lord  Clarendon;  now 
managed  by  Henry  Fronde,  as  delegate  of  the 
Clarendon  Press,  Oxford. 

Have  published  many  thousands  of  books 
on  religious,  educational,  medical,  philosoph- 
ical and  juvenile  subjects. 

PENN  PUBLISHING  CO.,  Philadelphia. 
Founded  1889  by  Chas.  C.  Shoemaker.  Mis- 
cellaneous publications;  about  SOO  titles.  De- 
vice used  la  a  monogram  of  letters  P.  P.  (^. 

SCOTT,  GREENWOOD  &  SON,  London, 
with  agencies  In  New  York,  Toronto,  Bombay, 
and  Tokio. 

Founded  1875  by  Thomas  Greenwood  and 
W.  H.  Smith;  present  head  of  firm,  Thomas 
Greenwood.  Publish  technical  books  and 
trade  journals;  about  250  titles. 


BOOK   DEPARTMENT 


SAMPSON  LOW.  MAH3- 
TON  A  CO.,  Ltd.,  London. 
Founded  lownrds  the  close 
ol  IHlb  rvDturr  by  Sampson 
Low,  who  dl»d  la  1800.  Man- 
agtnf!  Dlrrcion  ot  pnaent 
compHD)-.  Waller  Tyrrell  and 
Fred.  J,  Rymer. 

Publleh    wvrka    on    tr&rel, 

hlocrxph;.  hlatorr,  Dt-tlon,  flne  arta  and  tech- 
Dlr*!  •ubjecU:  to  date  about  6.300  Ullea.  De- 
vice repreaent*  the  trei^  ot  knowledge  aprlns- 
IBS  Iram  a  book,  aaeoclaled  with  the  aun,  ayn- 
bollsJnB  llsht  and  the  dissemination  of  knowl- 
*dse.  The  ahlp  also  suggeats  the  spreading 
■)(  kaowledBe.  and  the  caatle  algnlfles  the 
airenglh  that  knowledge  gWes. 

Among  the  authors  whose  books  ha*«  been 
pobllahMl  by  Sampson  Low,  Harston  &  Co., 
are  Stanley,  the  explorer.  Harriet  Beecher 
Siuwo,  Lord  Lytton,  t^arles  Reade.  Jules 
Verne,  William  BInck.  Wllkle  C'olllnB.  Oliver 
Wendell  Holme*,  Louisa  M.  Alcott.  Victor 
Hngo,   and  others  ot  eiiunl   prominence. 

CUARLBS  SCRIBNBR-S   SONS.   New   York. 
V^vnded  la  1816  by  Charles  Scrlbner:  present 
id       ot      houxe,      Charles 
8ei1bn«r.  ton  6t  founder. 

Publlabera  of  OcUon,  r»- 
I  llglous  and  educational  III- 
r  eralure. 

Device  conalsta  of  a   lamp 
Burrounded  by  rays  of  light 
and   words   "Scrlbner'a   Ub«- 
*  the  whole  enclosed  In  a  wreath. 

Jl'Llt'S  SPRINGER,  Berlin. 
Germany.  Pounded  In  1842 
by  Julius  Springer:  prtaent 
members  ot  firm.  Frits,  Julius 
and  Ferdinand  Springer.  Pub- 
lish works  on  medicine,  phyit- 
\cE.  chemistry,  biology  and  en- 
fElneerlng  and  technical  siib- 
}ecl«:    about   3.500    lltlps. 

Device  consists  ot  a  shield 
with  J.  S.  In  monogram,  and  motto  "Alle  Zelt 
Wach" — ,  and  date  184t;  all  surmounted  br  a 
Knight  (cheaa-Sgure) — In  Oerman  "Der 
BpTlnger." 

SIBLBV  *  COUl'ANY,  Boston  and  Chicago. 
(Ctutrlea  A.  Sibley)  founded  1S9S.  Pabllca- 
UoBs:     School  text-books,  about  100. 


Oevlca  reproaenta  an  open  book  showing  Uw 
monogram  "S.  A  Co."  and  two  Oreek  words 
meaning  "Beat  only." 

B.  ft  P.  N.  SPON-.  Ltd.,  London.  Pounded 
1830  by  Kdward  Spon.  Present  head  of  com- 
pany. P.  N.  Spon.  PubllRh  engineering  and 
technical  boohs;  about  1.000  titles. 

TAYLOR  PUBLI8H1N0  CO.,  Chicago  and 
New  York.  Pounded  IBSI  as  The  Bnglnaar 
Publishing  Co.,  by  W.  H.  Taylor,  president. 

Publishers  of  "The  Engineer"  and  technical 
books;  10  UUea. 

UNIVERSITY  OF  CHICAGO  PRESS.  Chi- 
cago and  .New  York.  Founded  In  1902  br 
Newman  Miller. 

Publish  sclenttHc,  educatlonul  and  rellglona 
books  and  pamphlets;   400  tlt]«>a. 

Device,  stamped  on  the  backs  ot  the  books, 
represents  the  Chicago  River  with  Its  two 
branches.  This  same  Idea  Is  embodied  In  the 
trade   marks  ot  several   Chicago  bousea. 

THOMAS  PlSHBR  UNWIN,  London  and 
Lelpslc.  Commenced  buslneaa  In  18B3.  Pnb- 
llxhea  general  literature;  over  3,000  till**: 
also  acu  ft  agent  for  lh«  aale  of  (h«  foveni- 
ment  ordnance  survey  maps. 

Cees  several  devlcea,  on*  ot  which  la  shown 
on   page   &7&. 

WARD,  LOCK  * 
CO.,  Ltd.,  London, 
Melbourne  and  To- 
ronto. Founded  lo 
im  by  a«or««  Lock 
and  Bbenecer  Ward; 
present  head  ot  eom- 
pany.  R.  Donglu 
Lock.  PublUb  popu- 
lar flcllon  and  mlacal- 
l.Tnpeiii..  bfoits.  Device  conslata  of  letter  W  In 
monogram  surrounded  by  the  name  o(  com- 
pany. 

WHITTAKBR  A  CO..  tendon  and  New 
York.  Pounded  IT83.  PufeUah  technical  and 
general  literature. 

H.  W.  WILSON  CO..  Minneapolis  and  New 
York.     Pounded  In  1S89  by  H.  W.  WllMa. 

Publlabera  of  blbUogrmphlo  lists  and  mla* 
cellanoona  books;  ahovt  16  UU«g. 


THE  PUBLIC  LIBRARY  OF  THE  DISTRICT 

OF  COLUMBIA 

OPENING  OF  NEW  ROOM  FOR  ENGINEERS,  MECHANICS  AND 

BUSINESS   MEN 


On  November  5  the  Public  Library  of  the 
District  of  Columbia  formally  opened  a  special 
department  of  useful  arts  and  sciences,  the 
resources  of  which  were  described  by  Mr. 
George  F.  Bowerman,  the  librarian,  in  an  ad- 
dress before  the  Washington  Society  of  Engi- 
neers. The  opening  of  this  department  is  the 
result  of  an  effort  on  the  part  of  the  librarian 
to  overcome  the  popular  idea  that  a  public 
library  is  a  depository  of  the  latest  fiction, 
juvenile  literature,  history,  etc.,  and  to  make 
it  of  practical  use  to  the  business  man  who 
uses  books,  not  as  playthings,  but  as  tools. 

Space  has  been  provided  for  nearly  7,000 
volumes,  and  everything  in  the  room — books, 
magazines  and  trade  catalogues — ^is  on  open 
shelves,  every  /volume  being  available  for 
readers  without  consulting  the  card  catalogue. 
'The  classes  of  books  indexed  include  pure 
science,  mathematics,  astronomy,  physics, 
'Chemistry,  geoldgy,  patents  and  inventions; 
the  various  departments  of  engineering,  agri- 
culture and  forestry,  railroads,  telegraphs, 
telephones  and  all  the  arts  of  communication; 
advertising,  and  all  the  growing  literature  on 
business  specialties,  printing  and  bookbind- 
ing; the  various  mechanic  trades,  and  certain 
fine  arts  related  to  technical  work. 

The  building  up  of  this  department  has  been 
a  work  of  only  three  years — a  short  time  for 
the  development  of  such  an  important  part  of 
the  equipment  of  a  large  library,  but  possess- 
ing the  advantages  that  most  of  the  material 
In  it  is  new.  The  library  does  not  include  on 
its  staff  any  one  having  expert  knowledge  of 
technical  books,  and  has  relied  entirely  on 
lists  bearing  evidence  of  preparation  by  quali- 
fied experts.  The  first  extensive  purchase  con- 
sisted of  all  the  books  on  the  useful  arts  in- 
cluded in  the  American  Library  Association 
Clitalogue  of  1904;  later  there  appeared  the 
list  of  technical  books  for  libraries,  prepared 
by  a  committee  of  the  Society  for  the  Promo- 
tion of  Engineering  Education,  all  of  which 
were  purchased,   as   well   as  the  books  in  the 


revised  edition  of  this  catalogue  published  a 
year  ago.  During  the  past  two  years  or  more 
the  book  reviews  in  the  "Engineering  News," 
and  later  in  "Technical  Literature,"  have  been 
carefully  read,  and  practically  all  the  books 
recommended  have  been  purchased.  The 
library  also  makes  use  of  many  brief  lists 
prepared  by  experts,  such  as  a  list  of  electrical 
engineering  literature  by  Prof.  H.  H.  Norris, 
of  Cornell  University,  and  the  list  of  water- 
works literature  by  M.  N.  Baker. 

One  6f  the  most  important  sections  of  the 
department  is  that  which  includes  periodicals, 
both  the  current  files  and  the  bound  sets. 
There  are  105  current  periodicals  regularly  on 
file,  55  of  which  are  devoted  to  the  more  re- 
stricted fields  of  engineering;  50  are  on  gen- 
eral science,  useful  arts  and  commercial  affairs. 

The  volume  of  this  periodical  literature  is 
so  great  that  current  periodical  indexes  are 
Indispensable.  The  library  has  available  all 
published  indexes,  and  for  current  literature 
makes  use  of  the  monthly  index  in  "Technical 
Literature." 

A  highly  important  source  of  material  sup- 
plementary to  text-books  and  periodicals  is 
found  in  manufacturers'  trade  catalogues. 
Some  of  these  are  the  work  of  highly  paid 
engineers,  who  are  employed  by  manufactur- 
ers to  discover  new  methods,  processes  and 
applications,  the  results  of  which  are  pub- 
lished in  handsome,  expensive  and  interesting 
catalogues.  A  very  complete  collection  of 
these  catalogues  has  been  made  by  the  library, 
covering  nearly  every  class  of  engineering, 
industrial  and  commercial  work.  This  ma- 
terial is  carefully  classified;  it  is  kept  in 
pamphlet  boxes,  and  is  indexed  by  firms  and 
subjects. 

That  the  opening  of  this  technological  de- 
partment will  be  of  great  service  to  a  large 
class  of  people,  and  prove  the  value  of  the  li- 
brary to  the  engineer  and  the  business  man, 
has  already  been  shown  by  the  large  demand 
for  books. 
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BOOK  REVIEWS  AND  NOTICES 


KXfEKtMBNTAL  AND  THKOKKTICAI.  AP- 
PLICATIONS OF  THERMODYNAMICS 
TO  CHBMI8TRT.— By  Dr.  Walter  Nernst. 
ProtcMor  Mid  Dlrwctor  of  th«  iDstltut*  ot 
Phrslc&l  Chamlstrr  In  tbe  L'nlveralty  of 
Berlin.  New  York :  CharltiH  Scrlbner'a 
Sona.  CloUi:  L%  <  H  Int.;  pp.  x  *  123; 
II  ;L  D«t. 

Thrrmod)^«ml»  ni«y  be  deSned  u  the 
Btd4Micp  or  beat  cooKtilered  as  a  form  of  eoercy. 
Aa  Karfa  tu  prItirJpal  prairtlcnl  uaefulnsss  baa 
be*ii  Id  lh«  atudy  of  the  physical  traaaforma- 
Uoos  of  gaan*  and  vapora  atiit#r  the  InfluBnce 
of  chancM  of  t«tn|i«rature  and  preaaur*.  Two 
■i>-e»I)*d  Uwa  of  thermodynamlca  have  been 
racoffntMd. 

Tbe  First  Law  of  Therniodynanitcs  can  b* 
dffSDBd  tbua:  "The  aum  o(  the  different  klnda 
ot  e&ersT  la  aU  laolat<>d  Hysteni  1b  always  the 
aaniff.  do  matter  what  tnrma  the  enerify  way 
aaiuiDC."  An  laolated  nystein  U  one  whtch 
ovltbcr  recelTea  nor  (Ives  up  energy  to  Ita  eu- 
viroDmeDt.  It  followa  from  this  deOnkUoD  Uial 
ili«  qnantlly  of  beat  la  a  body,  expreaaed  In 
ratartea  tor  example,  can  aUo  be  meunred  by 
mtNihanlcal  unlta.  auch  aa  toot-pounds,  or  vrrsa. 
It  baa  been  found  by  experiment  thai  the 
qnaotlty  of  haat  reqalrvd  to  raise  ibi.-  temper- 
ature at  one  tttlogrmm  ot  water  from  0°  C.  to 
I'  C,  call«d  one  calorie,  la  oqulvalent  to  11,- 
914.60«  erfB.  8'ated  differently,  the  quantity 
i;f  heat  nwMaary  to  raise  one  pound  ol  water 
from  to*  P.  to  81*  F..  called  one  Briilab  Ther- 
mal I'nlt  (B.T.r.)  Is  eodlvalant  to  778  foot' 
pounds  ot  work. 

Pradlcallr  all  i-herotcal  reactions  either 
rraiia  heat  ur  absorb  heat  during  their  pro- 
sreaa.  Tberoforw  thn  energy  of  a  chemical  re- 
action can  be  measured  In  term*  that  fall 
wIlbiD  tba  MOP*  ot  this  First  Law.  In  othor 
worda,  Ihermoebemlstry.  which  concerns  Kaelt 
wllto  the  measureDient  nf  the  qusntlly  of  boat 
prodnced  or  absorbed  In  chemical  chaoaes.  la 
simply  one  ot  the  appUcatlona  of  this  law. 

Th«  Semnd  Law  of  Themiodyu  arnica  can  be 
expressed  In  tarlous  ways.  The  fundamental 
ld*a  IntoKvd  la  thai  beat  cannot  pass  of  itself 
from  a  nildar  to  a  hnttnr  body.  It  has  also 
be«n  deOned  thus:  The  total  enerxy  In  a  sya- 
lem  la  proportional  to  the  absolute  tempora* 
tnrv.  Clauslns  deOnes  It  by  the  atalenient  that 
In  a  perfect,  a  revorslble  cycle,  tbe  sum  ot  tbe 
•4ulvalenc«a  ot  all  tbe  enerfy  transformations 


Is  xero.  Mechanically,  tbe  last  definition  ot  the 
law  Is  explained  and  Illustrated  by  Camot'a 
Cycle,  to  describe  which  would  unduly 
lengthen  this  review. 

In  ehemlstry  tbe  Second  Law  of  Thermody- 
namics boa  been  applied  to  tbe  study  ot  cortoln 
pbyalco-chemloal  procooses,  such  ss  voIaUIIii 
tlon,  meltlnc,  transformation  ot  allotrople 
forms  Into  each  other,  and  tbe  latent  heat  of 
reacilona. 

In  the  book  before  us  Nemsl.  In  a  oourN 
ot  Sllllman  Memorial  Lectures  at  Yale  Univer- 
sity, has  brlelly  elaborated  tbeae  appllcatloiM 
to  chemistry  ot  this  Second  Law,  principally 
by  means  ot  a  matbvmatlcal  oquatloa  called  by 
him  "the  equation  ot  the  reaction  Isocbor* 
an  equation  Orst  proposed  by  Van  't  HoS.  This 
eqiintlon  Is  founded  upon  tUsuslus'  deflnl- 
tlon.  By  means  ot  the  equation  Nerast  and 
his  pupils  have  attempted  to  "penetrate  mora 
deeply  Into  the  relations  between  chemical 
energy  and  heat."  Tbe  mathematical  and  ex- 
perimental methods  employed  for  this  parpoae. 
and  the  results  obtained  are  dlsouaeed  In  tUa 
booh,  which  Is  really  a  summary  ot  maay  ortc- 
inal  articles. 

The  first  lecture  la  devoted  to  an  Introdn^ 
tlon  relating  to  tbe  general  appllentloa  ot 
Thermodynamics  to  Chemistry.  In  tbla  lec- 
ture tbe  mathematical  work  la  greatly  abbra- 
vlated,  mahtnc  It  sometimes  rather  dUBcnK  to 
follow  the  thread   ot  his  Ideaa. 

In  the  second  lecture,  .\emsl  goes  fully  Into 
the  mathematical  derivation  of  the  equation 
ot  the  reaction  Isochorf^.  Hero  the  mathemati- 
cal reoaoDlns  Is  quite  tully  and  clearly  worked 
out. 

Tbe  third  and  tourtb  lectures  daeerlbe  aooM 
experimental  researches  on  chemical  eqalllbrU 
si  high  temperatures,  with  a  view  to  tbe  ap- 
plication ot  the  Isocbore  equation. 

The  fifth,  sixth  and  seventh  lednrea  relate 
to  lbs  Integration  ot  tbe  aforesaid  equation, 
and  to  lbs  determlsatlon  and  evolution  ot  tbe 
Integration  constant.  The  result  obtained  Is 
designated  tbe  "Chemical  Constant'*;  It  la  de- 
pendent upon  the  snbstoscee  Involved  Ib  the 
reaction.  Tbeee  three  leotursa  an  cfaletly 
mathematical,  bat  Torloos  mtpertiMnt&l  data 
ore  drawn  npon  to  (nralalt  material  theretu. 

Lectures  V11I.  and  IX.  apply  tbe  (orafotsg 
results  to  tbe  Falcnlatlon  ot  CbenUat  Bqelll- 
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bria  in  homogeneous  gaseous  systems.  It  is 
shown  that  the  calculated  figures  agree  very 
well  with  the  observed  results  in  twelve  of  the 
fourteen  cases  considered. 

The  last  lecture  takes  up  the  calculation  of 
chemical  equilibria  in  heterogeneous  systems 
and  of  electromotive  forces. 

Nernst  has  here  produced  a  thoroughly  in- 
teresting and  readable  book  on  a  very  abstruse 
and  difficult  subject.  As  a  r6sum6  of  the  ques- 
tion of  chemical  equilibria  at  high  tempera- 
tures it  will  have  a  distinct  value. 

The  type  is  large  and  clear,  the  paper  and 
binding  are  good. 


A  COURSE  IN  MATHEMATICS. — For  Stu- 
— dents  of  Engineering  and  Applied  Science. 
By  Frederick  S.  Woods  and  Frederick  H. 
Bailey.  Professors  of  Mathematics  in  the 
Massachusetts  Institute  of  Technology. 
Volume  I:  Algebraic  Equations;  Func- 
tions of  One  Variable;  Analytic  Ge- 
ometry; Differential  Calculus.  Boston 
and  New  York:  Ginn  &  Co.  Cloth;  5^ 
X  7%  Ins.;  pp.  xii.  -t-  385;  219  figures. 
12.25;  postpaid,  |2.40. 

This  book  is  the  first  volume  of  a  course  in 
mathematics  in  which  the  authors,  who  are  in- 
stmctors  of  standing  and  experience,  present 
in  a  consecutive  and  co-ordinated  manner  the 
matter  that  is  usually  set  forth  in  distinct 
courses  under  the  classifications  of  algebra, 
analytic  geometry,  differential  equations  and 
differential  and  integral  calculus.  The  coarse 
includes  the  work  usually  required  of  students 
in  the  first  two  years  in  an  engineering  school, 
the  present  volume  covering  that  of  the  first 
year.  In  the  arrangement  of  subject-matter, 
however,  the  authors  have  disregarded  prece- 
dents and  have  struck  out  on  a  new  line,  ignor- 
ing the  traditional  divisions  before  mentioned, 
introducing  principles  as  needed,  and  develop- 
ing the  subjects  together.  In  this  way  it  is 
believed  that  the  student  will  obtain  a  better 
grasp  of  mathematics  as  a  whole,  and  of  the 
interdependence  of  its  various  parts,  and  be- 
come accustomed  to  use,  in  later  work,  the 
methods  best  adapted  to  the  problems  attacked. 
The  principles  of  analytic  ir^ometry  and  calcu- 
lus are  in  this  way  broufrht  b<»fori^  the  student 
much  earlier  than  i«  u«ual«  thus  conducing  to 
greater  familiarity*  with  tht^lr  uK^thcnis  and 
greater  freedom  and  akUl  in  tht^ir  applicaUcoi. 

Chapter  1.  is  d<(»Yot*Hi  to  x\i^  *ul\jkKS  i\t  i»lim- 
ination.  and  includt^K  th^  u*«  ot  Ut^tt^rmtnaattu 
In  the  second  chapti>r  ttra:i^hUNi^)  riHM^M«>AtatK4i 
is  taken  up.  and  thii^  u«^  i\t  i^  ay«HMM  at  <^ 
ordinates  and  th^  d^uUUH^  l^ll4  I^Unc  «t  « 
fuDCtlon  are  »0t  forth.    TKi»  «l\l^  l»t  Ikit  alfti^ 


braic  polynomial  is  then  begun,  the  treatment 
comprising  the  analytics  of  the  straight  line, 
the  more  Important  theorems  of  the  theory  of 
equations,  and  the  elements  of  differentiation. 
Chapters  VI. -XI I.  are  devoted  to  the  study  of 
the  algebraic  function  in  general.  The  knowl- 
edge already  obtained  is  here  much  amplified 
by  further  applications  of  the  principles  in- 
volved. Elementary  applications  of  integra- 
tion are  also  introduced.  The  study  of  conies 
forms  part  of  this  work,  but  other  curves  are 
also  given,  and  the  fact  is  emphasized  that  the 
subject  is  not  exclusively  devoted  to  conic  sec- 
tions. Chapter  XIII.  treats  of  the  elementary 
transcendental  functions,  their  graphs  and  dif- 
ferentials; also  the  solution  of  transcendental 
equations;  a  knowledge  of  elementary  trigono- 
metry is  assumed  on  the  part  of  the  student. 
Chapters  XIV.-XVI.  are  on  the  parametric  rep- 
resentation of  curves,  polar  co-ordinates  and 
curvature. 

This  volume  embodies  the  matter  usually 
given  in  a  first  course  in  differential  calculus, 
with  the  exception  of  differentials,  series,  in- 
determinate forms,  partial  differentiation,  en- 
velopes and  some  advanced  applications  to 
curves.  These  subjects,  together  with  three- 
dimensional  analytics  and  integration,  are  left 
for  appropriate  consideration  in  the  succeed- 
ing volume.  In  the  development  of  the  course 
abstract  discussions  have  been  avoided,  and 
frequent  applications  and  illustrations  given — 
all  within  the  range  of  a  first-year  student's 
knowledge  of  physical  science.  The  work  has 
been  written  in  the  atmosphere  of  a  great 
technical  school  by  men  who  thoroughly  appre- 
ciate the  importance  of  mathematics  as  a  tool 
to  engineers,  and  the  rationality  of  its  plan 
should  commend  it  to  the  extended  considera- 
tion of  technical  educators. 


HANDBOOK  OF  AMERICAN  GAS-ENGI- 
NKERING  PRACTICE. — By  M.  Nisbet- 
Latta.  M.  Am.  Gas  Inst.,  M.  Am.  Soc  Bi. 
E.  New  York:  D.  Van  Nostrand  Co. 
Cloth;  5\  V  $14  ins.;  PP-  zi.  +  466;  98 
illustrations  in  the  text  and  many  tables. 
$4.50,  net. 

In  this  work  the  author  has  endeavored  to 

present  a  practical  treatment  of  modem  gas 

enirineering  in  such  a  form  that  it  may  be  oon- 

vx^ni<e^nt!y    employed    for    reference    purposes. 

The  needs  of  grai^makers,  foremen  and  manual 

operators  as  well  as  of  stndents,  have  been 

eon^denM  in  its  preparation.     The  text  is  di- 

Tl«l^  into  three  parts.     Part  I.  is  devoted  to 

ir%t<NrHpikS(  manufacture,   chapters  beini^  given 

M  lll#  K>llowing  topics:  The  carburetter;  the 
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wuta-box  and  tar;  M^ubboni: 
eondaSMn;  paiiflorB;  exhaual«rBi  atatloD 
allien:  d«UlU  or  work*  oporkUon;  bolders. 
Tbm  mntbttr  Btate«  la  his  preface  that  deacrlp- 
UoBB  of  otiier  inMboda  of  tnauufacturA  are  r«>- 
w-rr^d  tor  snbMqueDt  txtlllons.  Pari  II.  tBkMi 
up  tb*  atibl*ct  Dt  dlalrlbuUnn,  cha|iteni  b<?lnic 
lBrlBd«d  on  malna,  services.  coDSUDien' melerB. 
prc«sitr«.  houMs  piplnic  and  nppllanoes.  Cost 
data  ar«  fives  on  Installittg  mains,  plt>«  laying, 
tmnchlafl  and  iiubaqu«ouB  mains.  Part  III.,  o[ 
about  too  pagea,  In  a  compilation  of  general 
tvobnlcal  data  on  tbe  properties  ot  gases,  calo' 
rifle  TalnM,  calorlmetry.  properties  □(  steam. 
efclmnflra.  Bu«  ar*as,  stenm-botler  practice,  etc. 
Uuijr  naU>«iit«tlo>)  tables  and  conversion  (ac- 
tors krs  iUmi  givvn.  The  concluding  90  page* 
arw  larg«lr  given  up  to  details  regarding  pipe, 
Attlnga,  pip*  laying. 

fROUCCBR    GAS. — By    J.    Emerson    Dowson, 
M.  IttsL  C.  E.,  H.  Inst.  M.  B..  and  A.  T. 
Ljsrier,  B.  Be.    (London),   F.   C.  S.,  Asso- 
ciate  of  the   City   and   Outlds  of   Ixindon 
Institute.        Second      Edition.        London, 
Nrw     York     and     Bombar:        Longmans, 
Ureen   *   Co.     Cloth:    S%    x   9    Ina.:    pp. 
iOt;    74    lllastratloQB    In    the    text.      lOs. 
Cd       American  price.   |3.0u. 
The  first  edition  of  this  work,  publtsbed  lesa 
thsn  a  rear  ago.  was  Terr  ravnrnhtr   reviewed 
In  the  eaglnecrlag  press.     In  the  present  edi- 
tion a  tew  (rpographlcftl  errors  have  been  cor- 
rected, and  considerable  matter  added  to  the 
ehapiera  on  sactton  plants.     The  contents  sre 
a«  follows:      Theory  ot  producer  gas   (3  chap- 
ters) :    lumace   work :    heatlnn   work ;    suction 
plants     (Z    chapters):     gas    from     bituminous 
ooel    for   engine    work:    stand-by   losses:    com- 
parleon   of   gas   and    steam    power:    fuel:    an- 
alyala  of  fuel  and  producer  gas:  catorltlc  power 
ot  solid  and  gaseous  fnels:  practical  notes.  Ap- 
p«BdlzM  are   Included   which   give  the   results 
nf  tests  OB  30-  lo   (0-HP.  suction   plants  with 
aaihroelte    and     coke:     also    one    containing 
UieonKlcal  m p Una t Ions  and  reference  data. 

CBCRCirs  LABORATORY  GITIDE.— A  Man- 
ual of  Fractlcat  Chemistry  for  Colleges  and 
Schools.  Specially  Arranged  tor  Agricul- 
tural Students.  Revised  and  partly  re- 
written by  Edward  Klnch,  P.  I.  C  etc.. 
Profeoaor  of  Cbemlstry  In  the  Royal  Agrl- 
rullnral  College.  Cirencester.  Eighth  Edi- 
tion. New  York:  D.  Van  Noslrand  Co. 
Cloth:  G  y  TS  Ins.:  PP-  ivl  *  349;  43  II- 
loslratlons  In  the  text.  IS. SO  net. 
As  sUted   In   the  title  page,  this  Is  a  book 

primarily  for  students  In  agricultural  college*. 

OrlglBally  pabllabed  In    1E6(   rtir  uae  In  the 

Boyal   Agrlraltunl    College,    according    to    a 


statement  In  the  preface.  It  ha*  "been  adopted 
not  only  In  agricultural  college*  In  Great  Brit- 
ain, but  also  In  Australia.  India.  Italy  atid 
Jatmn." 

The  book  Is  a  very  comprehenalve  one,  con- 
taining (I)  Instructions  for  some  •xperlment* 
In  general  chemlstrr,  both  Inorganic  and  or- 
ganic: (2)  B  scheme  ot  qualitative  autlysts 
which  omits  everything  not  ot  Interest  to  tb* 
agriculturist:  (3)  a  system  ot  quantlutlr* 
analysis  of  Important  agricultural  material*. 
The  last  division  comprises  more  than  bait  ot 
the  book.  Practically  all  the  Illustrative  exer- 
cises throughout  the  work  aru  upon  BubatsDO** 
bearing  directly  upon  agricultural  question*. 
The  third  section  takes  up  and  deals  very  fully 
with  manures  and  fertilisers,  soils,  waters  and 
food.  The  student  of  agricultural  science  who 
desires  a  short  chemical  course  restricted  to  hi* 
own  field  will  find  the  present  work  of  great 
value.  Other  cbemlrel  niudents  will  find  other 
iKioks  better  suited  [o  their  needs. 


SHAFT  SINKING  IN  OIFFICI'LT  CASES.  - 
By  J.  RIemer.  TransUtvd  from  the  Uer- 
man  by  J.  W.  Brough,  Assoc.  M.  Iu>t..  C. 
E.  London,  England:  Charles  GrllBn  A 
Co,  Philadelphia:  J.  B.  Llpplncott  Co. 
Clotb:  «  X  9  Ins.:  pp.  IZZ:  l»  folding 
plates   and    IN    text   1 II ust rations.      |3.6l>. 

The  principal  aim  of  the  volume  la  to  glr* 
those  in  charge  of  mining  undertakings  a  re- 
view of  the  various  methods  that  may  be  used 
in  dltltcult  cases  of  sinking.  The  subject  I* 
divided  Into  tour  parts:  Shaft  sinking  by  hand, 
by  boring,  the  freeiing  method  and  the  sinking 
drum  process.  As  a  translation  It  Is  moat 
clearly  worded,  and  the  descriptions,  especially 
of  the  Klnd-Cbaudron  system  ot  sinking  by 
bortug.  are  so  good  that  one  can  almost  se* 
the  process  at  work  whilst  reading  the  deeert^ 
Hon.  The  author  spares  no  pains  to  lmpr«M 
upon  hta  readnrs  that  sinking  by  hand,  where 
possible.  Is  the  very  best  method;  and  that 
sinking  by  any  ot  the  other  three  known 
metbode — by  borlug,  freeiing  (which  renders 
the  strata  temporarily  suitable  tor  hand  ink- 
ing), or  the  drum,  should  only  be  resorted  to 
It  the  water  to  be  contended  wltb  or  the  natni* 
of  the  strata  do  not  permit  Its  u*e.  He  rnrtber 
stalre  that  wbero  considerable  dlfflculUe*  have 
to  be  encountered,  sinking  by  boring  has  al- 
ways proved  the  cbvapest  method-  The  work 
concludes  with  a  list  of  the  more  Importnat 
special  memoirs  dealing  with  tbe  subject  at 
abaft  sinking  In  cases  of  dllBcuHy. — "Tbe  Iftlt- 
Ing  Journal"  <l«ndon>. 
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WATER-WORKS  MANAGEMENT  AND  MAIN- 
TENANCE.—By  Winfred  D.  Hubbard, 
Assoc.  M.  Am.  Soc.  C.  E.,  and  Wynkoop 
Kiersted,  M.  Am.  Soc.  C.  E.,  New  York: 
John  Wiley  &  Sons.  London:  Chapman 
&  Hall,  Ltd.  Cloth;  6x9  ins.;  pp.  vi.  -r- 
429;   114  figures  and  18  plates.     |4. 

The  first  200  pages  of  this  book  are  given  up 
to  the  consideration  of  the  methods  and  prin- 
ciples of  developing,  improving  and  storing 
water  supplies,  both  ground  and  river  supplies 
being  discussed.  The  senior  author  has  de- 
voted many  years  to  work  along  these  lines, 
and  he  here  sets  forth  the  results  of  his  ex- 
perience, giving  much  attention  to  percolation 
and  the  purification  of  water  by  filtration  and 
coagulation.  One  chapter  is  on  the  various 
types  of  pumping  engines,  in  which  their  uses 
and  adaptability  to  particular  cases  are  ex- 
plained. The  second  part  of  the  work  takes 
up  the  subjects  of  maintenance  and  opera- 
tion, containing  chapters  on  plans  and 
records;  extensions  (including  the  cost  of 
valves),  fittings,  approximate  cost  of  lay- 
ing cast-iron  pipe;  service  connections;  me- 
ters; care  of  appurtenances;  alterations  and 
repairs;  maintenance  of  quality;  water  waste; 
electrolysis  and  its  prevention;  fire  protection; 
accounts;  financial  management;  rules  and  reg- 
ulations; annual  reports.  In  the  closing  part 
the  subjects  of  franchises,  water  rates  and  de- 
preciation are  considered,  much  matter  being 
given  of  great  importance  in  connection  with 
the  subject  of  municipal  ownership.  The 
work  deserves  the  attention  of  every  one  in- 
terested In  the  subject  of  water  supply,  and 
should  find  a  place  in  the  office  library  of  every 
water- works  official. 


THE  CONSTRUCTION  OF  DYNAMOS    (Alter- 
nating    and     Direct-Current). — A     Text- 
Book    for     Students.     Engineer-Construc- 
tors, and  Electricians-in-Charge.     By  Ty- 
son Sewell,  A.  M.  I.  E.  E.,  Lecturer  and 
Demonstrator    in    Electrical    Engineering 
at   the   Polytechnic,   Regent   St.,   London. 
London:      Crosby  Lock  wood  &  Son.    New 
York:      D.     Van     Nostrand     Co.      Cloth; 
0^x8  ins.;  pp.  xH.  +  386:  233  illustra- 
tions in  the  text.     |3.00,  net. 
This  work  Is  an  attempt  to  deal  in  a  single 
volume  with  the  theory,  design  and  construc- 
tion of  both  alternating  and  direct-current  dy- 
namos of  the  various  types.     While  intended 
mainly   for  the  use  of  students.  It  is  thought 
that  it  will  prt>ve  helpful  to  civil,  mechanical 
and  other  engineers  who  have  occasion  to  deal 
with  electrical  matters.     The  elementary  prin- 
ciples are  well  stated,  the  explanations  of  alter- 
nating-current    phenomena     being    eoipeclaUy 


clear.  Chapters  are  devoted  to  the  following 
subjects:  Fundamental  principles  of  direct 
currents;  the  magnetic  field;  the  production 
of  an  electromotive  force;  fundamental  princi- 
ples of  alternating  currents;  the  alternating 
magnetic  field;  the  capacity  of  the  circuit;  bi- 
polar-dynamo construction;  theory  of  bi-poplar 
machines;  bipolar-dynamo  design;  malti- 
polar-dynamo  construction ;  multi-polar-dy- 
namo design;  single-phase  alternators;  con- 
struction of  alternators;  polyphase  alternators; 
exciting,  compounding  and  synchronizing  of 
alternators. 


RIVER  DISCHARGE. — Prepared  for  the  Use 
of  Engineers  and  Students.  By  John 
Clayton  Hoyt,  Assoc.  M.  Am.  Soc.  C.  £., 
Engineer  in  charge  of  Hydraulic  Compu- 
tations, U.  S.  Geological  Survey,  and  Na- 
than Clifford  Grover,  Assoc.  M.  Am.  Soc. 
C.  E.,  Assistant  Chief  Hydrographer  in 
charge  of  River  Measurements,  U.  S.  Ge- 
ological Survey.  New  York:  John  Wiley 
&  Sons.  London:  Chapman  &  Hall,  Ltd. 
Cloth;  6  X  9  ins;  pp.  viii.  +  137;  23  illus- 
trations.    |2. 

The  authors  of  this  work  have  been  engaged 
for  several  years  on  hydrographic  work  for 
the  United  States  Geological  Survey,  and  have 
collated  information  in  regard  to  the  best 
practice  on  the  fiow  of  streams,  water  re- 
sources of  the  country  available  for  domestic 
.use,  irrigation  and  power,  etc,  from  their  own 
experience  as  well  as  from  other  sources. 
Practice  is  emphasized  rather  than  theory,  the 
.authors  stating  that  in  the  case  of  the  calcu- 
lation of  discharges  the  judgmemt  of  the  engi- 
neer must  be  relied  on  to  a  large  extent,  a 
simple  formula,  with  a  rugosity  coefiScient  dic- 
tated by  his  experience,  giving  as  good  results 
as  a  more  complex  one,  especially  in  prelimi- 
nary work.  Chapters  are  included  on  rainfall 
and  evaporation;  instruments  for  measuring 
velocity ;  the  selection  of  stations  for  taking  ve- 
locity measurements;  weir  sections;  discus- 
sion and  use  of  data.  A  number  of  tables  are 
appended  for  the  purpose  of  facilitating  calcu- 
lations.   . 

DENATURED  OR  INDUSTRIAL  ALCOHOL.— 
A  Treatise  on  the  History,  Manufacture, 
Composition.  Uses  and  Possibilities  of  In- 
dustrial Alcohol  in  the  Various  Countries 
Permitting  Its  Use.  and  the  Laws  and 
Regulations  Governing  the  Same,  includ- 
ing the  United  States.  3y  Rufus  Frost 
Herrick.  Consulting  Chemist  and  Chem- 
ical Ens:ineer.  New  York:  John  Wiley  & 
Sous.  London:  Chapman  &  Hall,  Ltd. 
Cloth  I  5*4  \  9M,  ins,;  pp.  516;  163  illus- 
traiious.  mostly  in  the  text,     %4  net. 

This  is  a  worth-while  book  on  a  timely  sub- 
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}Mt.  belBK  tuBldently  l«chnlral  tor  tbe  ch^m- 
tat.  rot  adapud  la  tb<>  mm |>r«h« union  of  ihe 
CmimtaI  rwwler.  It  opens  with  s  historical 
akvtrh  of  th«>  uw  «r  ilnniitiirc-il  niroliol  In  for- 
etsn  ninntrlra,  and  lollows  this  with  chaiitera 
OB  raw  matpriala,  apparatun  anil  prac«*w«  rtii' 
ploTipd  In  illstlllallon  anil  recti  Scat  Ion,  Other 
chapi«ra  tak«  up  the  various  meibods  of  teat- 
IBK  alroliol.  and  thu  cOHt  o(  plania  tor 
manurarturlnit.  aa  well  as  th«  post  ot  produc- 
UoD.  CbapUra  VI  and  VII  treat  respectively 
at  Ihe  lae  ot  alcohol  aa  an  llliinilnant  and  as 
a  rni'l-  The  remalnloK  chaptpra  nr«>  drvotnl  to 
alcohol  aa  a  aoarc*  of  power,  methods  ot  dcnn- 
tartns.  and  the  future  posalbl11tl«s  ot  alouhol 
In  the  Induatrlea.  Appendlxfs  are  iclven 
up  to  refuUtlona  reicarding  the  maiiu- 
fftoara,  a«le.  and  use  ot  denatured  «l«ohol.  a 
blbltofraphr  on  the  anbject,  and  a  Hat  ot  pat- 
ents on  dlstllllnc  and  accessory  apparatus. 


THE  BLACKSMITH'S  GLIDE.— By  3.  F.  Sal- 
tows.  Bratileboro.  Vt.:  The  Technical 
Prass:  m  X  T  Ins.:  pp.  160;  163  lllustra- 
tloaa.  1  colored  plates  and  one  folding 
pUle.  Cloth.  II. SO:  leather.  $3.00. 
Tfala  la  a  compact  book  ot  practical  Instruc- 
tions on  forjtlni,  welding,  hardening,  anneat- 
ln(,  hmlDK.  etc..  written  tiy  a  foreman  smith 
of  !"  Teara'  experience.  The  ireainient 
Uirotiichaut  Is  of  a  tburoushly  practical  nature, 
•ad  the  aathor  describes  clearly  the  methods 
which  b*  has  employed  to  obtaining  eminently 
■kttsfartorr  reaults  In  the  temiierlng  of  tools 
and  machine  parts— -all  without  the  use  of  ex- 
pMidTe  fnrnaces.  pyrometers  and  other  ac- 
oeaaoiie*.  Chapters  are  Included  on  the  tol- 
lowlns  aubjects;  Machine  Forslng:  Tool  Forg- 
ing; Hardening  and  TemperInK;  Illgh-Spped 
8te«l;  Casehanlenlng  and  Coloring:  Braiing: 
(reoeral  Blackamlthlng.  Tables  of  decimal 
eqnlvalenta  and  colored  heat  and  temiter  charts 
as  wrll  as  working  drawings  ot  a  cjisehardi^n- 
Ing  furnace  are  glten  In  an  appendix.  It  Is  a 
little  work  that  anyone  bating  to  do  with  the 
heat-working  of  aleel  will  find  of  exceeding 
vnlne. 


OA8  AND  OIL  ENGINES  AND  OAS-PUOUUC- 
BltS. — A  Troailso  on  the  Modern  Devol- 
opmenl  at  the  intemul-CambuBtlon  Mo- 
tor and  ERtclont  .Methods  ot  Fuel  Gcon- 
omr  and  power  Production.  Part  I :  Oaa 
and  Oil  Knglnea.  By  Lionel  S.  Marks. 
8.  B..  U.  U.  B.  Part  II:  Uas  Producers. 
Bf  ftunael  8.  Wyer.  U.  E.  Chicago: 
Anerlcnn  School  of  Correspondence. 
Cloth;  tM  X  9H  Ins.;  pp.  1(4;  93  lllus- 
tratloaa  In  the  text.  fl.OO. 
Thla  la  the  Brat  of  a  aertea  of  handbooks  on 
[  anhjecta.    prepared    with    the  espe- 


cial Hew  of  their  adaptability  to  home  study 
and  self -Inst  ruction.  The  authora  are  men  of 
acknowledged  authority  tn  their  reapectUe 
llnee.  and  write  more  particularly  regarding 
the  practical,  as  <IlBtlngiilsh»il  from  the  merelj' 
theoretical  or  scsileuilc  ildes  ot  their  aubleeta. 
avoiding  heavy  technics]  terms  and  the  uae  of 
higher  mathematics.  The  work  la  divided  Into 
five  chapters,  namely:  The  Inlemal-Combus- 
tlou  Motor;  Operation  and  Maintenance  of  the 
Gaa  Engine;  Oil  Knglnmi:  Oaaeoua  Pnela; 
Manufacture  of  Producer  Gas. 


BALANCING   OF   ENGINES.— Steam.  Gaa  and 
Petrol.     An   Blemenlur}'   Text-Book.      L's- 
log   principally    Graphical    Methods.     For 
the   Uae  ot   Students.   Draftsmen.   Dealgn- 
ers,   and    Buyers   of   Engines.      By    Arrbl- 
bald  Sharp,  Assoc.  M.  Inst.  C.   K.   I^ondon. 
New      York     and      Bombay:      I^ngmans. 
Green  ft  Co.     Cloth;   5H   •  "%   tns.;   pp. 
31!:    Illustrated.      I1.T5.   net. 
The  dentlopment  ot  the  gasultne  mator-«ar 
engine,    the    succeestui    installation    of    steam 
turblnea  and  gas  and  oil  engines  tor  land  and 
marine  uae  have  been  the  means  of  directing 
much   attention  to  the  subject   ot  engine  bat- 
anclng.      Thia    book    discusses    In    detail    the 
methods  of  obtaining  good  balancca  of  the  In- 
ertia forc<«  of  engines,  and  also  brlelty  ronsld- 
ers   the    question   of    uniform   torque  on    the 
crank-shaft.     The  treatment  Is  largely  graphi- 
cal,    and    the    author    has    Included     original 
methods  which  he  believes  will  grestly   taclll- 
late  the  computations  of  engine  designers.  Ex- 
ercises tor   the  use  ot  students  are  appended 
to  nearly  alt  ot  the  chapters. 


CI.EA.V  WATER  AND  HOW  TO  GET  IT.— By 
Allen  Haten,  M.  Am.  Hoc.  C,  IC.,  Am.  Wa- 
ter-Works Assn.,  etc.      New   York;      John 
Wiley    A    Sons.       London:     Chapman    A 
Halt.  Ltd.     Cloth:   GH    ^  T^   Ins.:   pp,  x. 
^  178:  many  half-ione  llluetrsilon*.  11.60. 
This  little  volume  was  written  lor  the  pur- 
poae  ot  supplying  awurale  and   ujMo-daie  In- 
formation for  n  on -technical  readers  on  the  snh- 
Jecl  of  water  supply,  and  especially  thoae  who 
are  charged  with  the  responsllilllty  ot  securing 
adeiiuate  and  suitable  supplies   tor  their   ma- 
ntclpallUes.   as    mayors,    aldermen    and    otber 
omclals.    Water  supplies  from  lakes,  rivers  sod 
ground  sources  are  brleHy  discussed,  together 
with  the  action  ot  water  on  Iron  pl|>es  and  tb« 
effect  thereof  oa  the  quality  of  tb«  water.     Va- 
rious methoda  of  Duration  and  purtllcatloo  ara 
explained,  and  one  chaiMer  Is  given  np  to  the 
use   and    meaaurement   of   water.      The   laTlag 
out  and   conslrurtlon  o(  works  Is  toacbed  oil. 
and  a  short  chapter  on  flnanclal  managentent 
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PROBLEMS  IN  STRENGTH  OP  MATERIALS. 
— By  William  Kent  Shepard,  Ph.  D.,  In- 
structor of  Mechanics  in  the  Sheffield 
Scentific  School  of  Yale  University.  Bos- 
ton and  New  York:  Ginn  &  Co.  Clotn; 
6  X  9V^  ins.;  pp.  70;  illustrated.  11.25; 
by  mail,  |1.30. 

This  is  a  collection  of  nearly  600  problems, 
intended  to  supplement  the  usually  insuf- 
ficient number  given  in  treatises  on  the 
strength  of  materials.  It  is  the  author's  ex- 
perience that  a  working  knowledge  of  the  sub- 
ject is  best  obtained  when  the  student  is  re- 
quired to  solve  numerous  problems,  thus  mak- 
ing practical  application  of  the  principles 
which  he  has  learned.  In  addition  to  the 
problems  is  given  a  discussion  of  riveted  Joints 
for  use  in  calculations  pertaining  to  boiler  de- 
sign; tables  at  the  back  of  the  book  contain  all 
the  data  necessary  for  the  solution  of  the  prob- 
lems given. 


NEW  BOOKS. 


Civil  Engineering. 

BETON-KALENDER  1908. — Pu-bllshed  by  the 
Journal  *'Beton  und  Eisen,"  with  the  Co- 
operation of  Prominent  Technical  Men. 
Third  annual  appearance.  In  two  parts. 
Berlin,  Germany:  Wilhelm  Ernst  &  Son. 
Part  I.  in  cloth.  Part  II.  in  paper;  4  x 
6^  Ins.;  pp.  328  +  468;  950  illustrations 
in  the  text  and  1  plate.  4  marks;  Ameri- 
can price,  11.60. 

EARTHWORK  DIAGRAMS. — Giving  Graphic- 
ally the  Cubic  Contents  for  Different 
Heights  of  Banks  and  Cuttings,  Either 
66  Ft.  or  100  Ft.  Chains.  By  R.  A. 
Erskine-Murray  and  Y.  D.  Kirton.  36  x 
26  ins.  London,  England:  Crosby  Lock- 
wood  &  Son.  58.,  net;  or  mounted  on 
card,  7^8.,  net.  American  price,  |2,  net; 
mounted  on  card,  |3,  net. 

MASONRY  CONSTRUCTION.— A  Gu4de  to  Ap- 
proved American  Practice  in  the  Selection 
of  Building  Stone,  Brick,  Cement,  and 
Other  Masonry  Materials,  and  in  All 
Branches  of  the  Art  of  Masonry  Construc- 
tion. By  Alfred  E.  Phillips,  Ph.D.,  Pro- 
fessor of  Civil  Engineering.  Armour  In- 
stitute of  Technology,  and  Austin  T. 
Byrne.  Author  of  "Highway  Construc- 
tion," ^'Materials  and  Workmanship." 
Chicago.  111.:  American  School  of  Cor- 
respondence. Cloth;  6H  X  S%  ins.;  pp. 
128;  plates  and  text  illustrations.     |1. 

RECUEIL  DE  TYPES  DE  FONTS  POUR 
ROUTES  EN  CIMKNT  ARMK.— Calcu- 
lated in  Conformity  with  tho  Ministerial 
Order  of  Oct.  20,  li>06.  By  N.  de  Te- 
desco,  with  the  coUHbonitlon  of  Victor 
Forestier.    From    "Knc>clo|>^ll©   dtra   Tim- 


vaux  Publics,"  begun  by  M.-C.  Lechalas. 
Paris,  France:  Ch.  B6ranger.  Paper; 
6V^  X  10  Ins.;  pp.  307;  54  illustrations  in 
the  text;  8  folding  plates  in  separate  at- 
las, 10^  X  12%  ins.  25  francs;  Ameri- 
can price,   17.50. 

ZAHLENBEISPIELE  ZUR  STATISCHEN 
BERECHNUNG  VON  BRUECKEN  UND 
DAECHERN. — Prepared  by  Robert 
Otzen,  Assistant  at  the  Hannover  Tech- 
nical College,  after  the  First  Edition  of 
F.  Grages,  Edited  by  G.  Barkhausen,  Pro- 
fessor at  the  Hannover  Technical  College. 
Second  edition,  revised  and  enlarged. 
Wiesbaden,  Germany:  C.  W.  Kreidel. 
Paper;  7%  x  11  ins.;  pp.  344;  3  plates 
and  329  text  illustrations.  12  marks; 
American  price,  |4.80. 

Electrical    Engineering. 

ELECTRIC  RAILWAYS. — Theoretically  and 
Practically  Treated.  By  Sydney  W.  Ashe, 
B.  S.,  E.  E.,  Assoc.  M.  Am.  Inst.  E.  E., 
Consulting  Electrical  Engineer.  Depart- 
ment of  Electrical  Engineering,  Polytech- 
nic Institute  of  Brooklyn.  Vol.  II.:  En- 
gineering Preliminaries  and  Direct-Cur- 
rent Sub-Stations.  New  York:  D.  Van 
Nostrand  Co.  London,  England:  Archi- 
bald Constable  &  Co.,  Ltd.  Cloth;  5  x 
7%  Ins.;  pp.  282;  145  illustrations, 
mostly  in  the  text.     12.50,  net. 

EXPLANATIONS  OF  SWITCH  AND  SIGNAL 
Circuits. — A  Hand-book  of  Diagrams  and 
Information  for  Electrical  Signal  Con- 
structors Maintainers.  By  John  T.  Do- 
ran.  New  York:  Doran  &  Kasner.  Flex- 
ible cloth,  with  flap;  4%  x  6^  Ins.;  pp. 
140;  with  50  half-tone  illustrations  and 
diagrams.     11.50. 

POWER  STATIONS  AND  POWER  TRANS- 
MISSION.— A  Manual  of  Approved  Ameri- 
can Practice  in  the  Construction,  Equip- 
ment and  Management  of  Electrical  Gen- 
erating Stations,  Substations  and  Trans- 
mission Lines,  for  Power  Lighting,  Trac- 
tion. Electrochemical  and  Domestic  Uses. 
Part  I.:  Power  Stations.  Part  II.: 
Power  Transmission.  By  George  C. 
Shaad.  E.  E..  Assistant  Professor  of  Elec- 
trical Engineering;  Massachusetts  Insti- 
tute of  Technology.  Chicago,  111.:  Ameri- 
can School  of  Correspondence.  Cloth; 
6^x9^  ins.;  pp.  74;  10  plates  and  41 
text  illustrations.      %1. 

Mechanical  Engineering. 

RATIONELLE  KONSTRUKTION  UND  WIRK- 
UNGSWEISE  DES  DRUCKLUFT-WAS- 
SERHEBERS  FUER  TIEFBRUNNBN.— 
By  Alexander  Per^njri.  Chief  Engineer  of 
the  Royal  Hungarian  State  Railways. 
Weisbaden.  Germany:  C.  W.  Kreidel. 
Paper;  7 1*  x  10\  ins.;  pp.  52;  14  illus- 
trations in  the  text.  2.40  marks;  Ameri- 
can price.  96  cts. 


**ln  Umm  dVfl  Vben  bu  tnui^h  line  lieep  aaM 
^  ftbcwt  >i>w:tallutli>n  ind  kbout  th«  d«('«<i9sII}  [or 
■jiy  yoniME  nuui  In  the  itfrtanloil  fleld  in  d<!vute 
UiBMlf  exclaslTelr  to  m  certain  br^Dch.  It  may 
tM  w«II  %o  kocentoate  the  point  that  speclallu- 
UoB  mar  be  carried  too  far.  Th«  man  who  be- 
oom««  too  ane-alded  In  hla  work  mar  be  use- 
tal  to  a  leas  extent  tbau  hp  would  have  been 
had  b«.  while  maklnit  a  (larilc-utar  stud}-  of 
a  apeclal  Beld,  devo(f>[J  some  time  to  bruvden 
bU  IniollMl  Id  various  wiiys.  The  truly  great 
BMO  or  ibia.  aa  well  «8  tormer  agee,  are  men 
who  h«T«  not  rondDeil  themselves  to  a  small 
•libeiv  ol  u«nrull)tMB.  It  l«  true  that  U  will  not 
do  to  (ItTtde  onc'B  InlerrolB  between  too  maiiy 
tfalnxa  at  a  tlmi*.  Do  one  thing  at  a  tlrae,  anil 
do  It  well,  but  do  not  Ihlak  that  the  timo  has 
foma  whna  jconeral  tnTormatioa  In  regnrd  to 
all  tho  thlUKa  that  aurrouDil  us  In  lite  is  use- 
iMa  alnplr  bveaute  It  Is  not  poastble  to  become 
a  aiAster  of  sll  the  arta.  Perhaps,  on  the  other 
haiMl.  tbarv  never  was  a  time  when  the  man 
with  a  bra«d  t1«w  had  a  greater  chance.  The 
tpectatlMUon  In  all  lines  of  Industry  baa  lim- 
ited the  opportuoltlee  Tor  the  development  of 
■Ben  of  Tarted  •iperleDC«>a,  but  such  men  are 
■MOMBsary  for  tho  executive  positions.  There 
la  (or  this  reason  a  premium  on  the  aervlces 
of  Um  man  who  baa  been  able  to  acquire  a 
central,  even  it  limited,  koowletige  of  Ibe  In- 
dtiatrin.  the  hualDeaa  and  other  conditions 
cHit>li>>>  of  hU  own  branch:  ami  because  suA 
knowMice  i>  beromlng  more  scnrce,  as  lb« 
•pMlalliatlon  becomes  more  systematiwd, 
tbera  la  all  the  more  reaaon  for  not  betni  de- 
Ivded  by  the  ioni*r8]  outcry  that  a  man  to  he 
trvly  sacceestul  must  be  a  speclallat.  To  a 
cvrtaln  limit  Ihp  man  who  la  a  specialist,  and 
BolhlBK  but  a  specialist.  Is  more  suA«a»ful 
than  his  folloW' workers:  but  this  Is  in  the  *ec> 
oDdary  poaltlons.  when  he  la  working  under  the 
guldancv  of  men  who  ran  supplemont  his  lack 
of   gnaeral   development      When    the   moment 


that  the  place  of  managing  the  whole 
coucern  Is  to  bo  tilled,  the  spoclnllsl  Is  liilt 
where  h«  Is,  because  he  Is  Oiling  his  preaent 
place  so  exceeding  well,  and  tho  man  who 
never  was  thought  much  of  where  but  one  a( 
his  many  faculties  came  Into  play,  Is  promoted 
to  the  place  where  be  can  give  full  sway  to 
hia  general  knowledge  and  his  varied  Inter- 
ests: and  the  HpAclalUt  who  In  bla  ono-slded- 
ness  thinka  that  be  wm  the  person  logically  fit 
for  the  promotion.  Iblnka  himself  badly  Ignored 
and  his  ability  mtsunderstood :  he  doem  not 
reallie  that  with  all  our  speelallxaUon  the  'all 
around  man'  still  holds  bis  own." — "Ma- 
chinery," 

"Each  of  you  probaiily  has  a  preconcelveil 
notion  of  following  some  line  of  engineering. 
Be  careful  about  your  self-analysis.  The  fleld 
Is  large  and  has  room  for  all  of  the  varloua 
lypea  of  men,  some  of  whom  Incline  to  con- 
structive operations,  others  toward  InreDtlve. 
some  to  the  contemplative.  Again,  within  all 
these  divisions,  some  tend  towardtt  profeaaloiuti 
and  others  lowarda  trade  work.  No  one  can 
advise  what  Is  best  for  you:  this  you  roust  And 
out  for  yourself.  I  cannot  help,  however,  a 
certain  predilection  In  favor  o(  a  young  man 
being  Jnst  an  engineer — not  •peclalliing  while 
too  young,  but  developing  along  versatile  linwi. 
ready  to  turn  his  hand  equally  well  to  any 
task  within  his  general  scope. " — Waller  C. 
Kerr.  Prrsldent  of  the  Westlnghouse,  Cburch, 
Kerr  A  Co..  In  an  address  to  the  graduating 
class.  Rtevena  Institute  of  Tecbnology.  JniM 
Ifl.   1»01. 

For  Iho  preparation  of  the  "all  around  ninn" 
who  Is  "Just  an  engineer."  aoma  acbeme  of 
edui-atlonal  training  would  aeem  to  be  reqnired 
which  Is  broader  In  fla  scope  than  any  that  tt 
preeent  eilste,  so  far  aa  we  are  aware.  In  the 
four  years  that  are  devoted  to  the  lechnloal 
education  of  young  men  la  it  poealble  to  In- 
■truct  them,  or  th*  flileet  of  them.  Id  the  ea- 
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sentials  of  mechanical,  civil,  electrical,  mining, 
and  metallurgical  engineering?  At  first  sight, 
no!     But  let  us  see. 

In  the  schedule  accompanying  this  article 
have  been  entered  all  of  the  various  studies 
and  laboratory  exercises  that  are  embodied  in 
these  five  courses  in  one  of  the  foremost  en- 
gineering schools  of  the  country,  and  against 
these  items  are  set  the  number  of  hours  de- 
voted to  each  study  or  exercise.  These  courses, 
in  their  entirety,  amount  to  10,000  hours,  and, 
at  48  hours  a  week,  would  require  from  the 
student  seven  of  the  30-week  years  at  this  in* 
stitution  for  their  completion.  Now,  there  are 
a  number  of  high-grade  technical  schools  in 
which  the  duration  of  the  school  year  is  36 
weeks,  and  one,  at  least,  in  which  it  is  37 
weeks.  Furthermore,  the  time  devoted  to 
study,  recitations  and  laboratory  work  at 
these  institutions  is  from  54  to  57  hours  per 
week  instead  of  the  48  just  mentioned.  In 
addition,  these  schools,  or  some  of  them,  sup- 
plement their  regular  instruction  by  summer 
terms  of  from  two  to  four  weeks  in  length, 
which  are  chiefly  devoted  to  field  work  or 
shop  practice.  Thirty-nine  57-hour  weeks  a 
year,  therefore,  are  assumed  for  the  purpose 
of  these  observations,  and  four  such  years 
amount  in  all  to  8,892  hours. 

The  total  number  of  hours  given  in  the  ac- 
compan3ring  schedule  is  8,880.  This  num- 
ber is  about  1,200  less  than  that  required  by 
the  full  courses.  ( Where  a  number  is  followed 
by  one  in  parentheses,  the  latter  is  the  full 
number  of  hours  devoted  to  the  study.)  In 
all  but  three  or  four  instances,  however,  the 
reduced  number  of  hours  given  is  greater  than 
the  time  devoted  to  the  subjects  in  at  least  one 
school  of  high  standing;  in  the  others  the  re- 
duction is  inconsiderable,  for  all  practical  pur- 
poses, leaving  in  each  ease  at  least  85%  of  the 
maximum  time  required  for  the  subjects  in  a 
iq>ecialiied  course. 

A  graduate  from  a  course  similar  to  the  one 
here  outlin<^.  would  have  ''engineering  per- 
spective.*' By  the  time  he  was  ready  to  re- 
ceive his  degree  he  would  have  become  ac^ 
quainted  with  the  rudUu^ut^  of  the  five  great 
subdivisions  of  engltte^^rlug.  and  have  had  a 
thorough  training  In  th^  ba»l\>  ;^tudied  of  math- 
ematics«  phy^li'si^  t^hi^mh^tr>\  and  drawing:  he 


would  then  be  prepared  to  develop  along  the 
line  most  fitted  to  his  temperament  and  in- 
clinations. 

There  are  difficulties,  of  oourae,  which 
would  be  encountered  in  the  establishment  of 
such   a   course.     More  instructors  and  much 

A    COURSE    IN    GENERAL    ENQINBBRING. 

Study,         Laboratory  Drawing  and 
lectures  and       work.       field  work, 
recitations.* 
General : 

Mathematics    750 

Physics    335  204 

Chemistry     240  (285)    456  (578) 

French     135  (270) 

German    240  (270) 

Applied    mechanics    ..    375 

Hydraulics    200(255)      50 

Freehand  drawing 
and  descriptive 
geometry 45  180(195) 

Engineering    laboratory     37  75 

Geology   300  (375)      60 

Materials    45 

Political  economy   ....      90 

Contracts,  corpora- 
tions,  etc 75 

Costs,        management, 

etc 30 

Civil  Engineering: 

Bridge    design     180 

Geodesy    30 

Stereotomy    60 

Structures,  founda- 
tions        450  (525) 

Surveying     800  (435) 

Astronomy     75 

Roads  and  pavements.      30 

Railway  design   30  60 

Railway  engineering   .    135  (180) 

Sewerage     and     water 

supply     180  (190) 

Electrical  engineering  . .    520  (600)    340  (400)      40 
Mechanical  Engineering: 

Dynamics  of  Machinery     75 

Hydraulic    Machinery.      75    (90) 

Shop  work  450 

StMun  engineering  and 
thermodynamics 378  (405) 

Heating  and  rentlla- 
Uon    45    (90) 

LocomotlTe  engineer- 
ing  160  (225) 

Mechanism    200(255) 

Machine     design     and  _ 

drawing 485  (520) 

Mining  and  metaUargy.     400  (465)    290  (800) 

5.680  1«885  i]M5 

Total.  S.SSO  hours. 

*In  the  propoirtion  of  two  hcmrs  study  to  oaeh  hour  of 
recitation  or  lecture. 

inreater  equipments  woold  be  necessary. 
These,  however,  are  matters  inYOlTiiis  finan- 
cial considerations — thef  do  not  affect  the  fea- 
sibility of  the  proposition,  does  it  commend 
itsetf.  If  a  demand  arises  for  the  "general 
en^neer/*  enlightened  philanthropists  will  no 
doubt  be  found  who  will  proTide  the  ways  and 
means  for  meeting  it.  Meanwhile,  the  subject 
Is  one  that  merits  exhaostiTe  discussion. 
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TItt  /mbltuttum  of  mattniil  in  Itiingtrhon  t 

wtrtitimgallhtfirwumtenUimrd.ttfintrtidrd  — - 

■fcacnMBf  ytrm  /«a(iirrt  \m  mnthtHrry,  miiifnaU,  procttMt, 


f  jMitd  for.   Whtlf  n  partaktt  mart  or  Itit  of  tht  natiirt  of  ad- 

— —  nolieetof  torn*  of  tht  mor*  imporltHl  ralatogurtrrcnrtd 

of  inltmt  [o  Ihi  tnynxtrtttfi  proftmon. 


rANTAUES  OF  A.\  Al'TOMATlC  CUT- 
UFK-V ALVE  A8  SHOWN  BV  TKHTS 
.U;U  PiUCTICAL  KXrEKlENCK. 
By  A.  EL'OBNB  MICHBU 
Socti  itrcmt  ilam«ce  Is  donn  by  Uie  occaiiloDal 
iMrviIni  of  Ue«iu  mains  or  Uie  failure  of 
boU*r  tnb«a,  wh«r«  tb«r«  !■  hlsh  strain  prwaaure. 
that  MHDC  kind  of  eicesg  flow  Hf«ty-Talv«  Ib 
«»vtii)«l  for  vvory  boiler.  Tti«re  hn  many  de- 
«lr«a  on  Ika  market  whldi  will  prevent  Bt«am 
rrotn  flowlns  back  froin  tbe  malnk  into  the 
boUvr.  but  ibeM  valvea  iiuik«  no  provision 
BsalMt  »nld«Bt  to  Ib«  Blram  piping.  Tbe 
(■c«p«  of  steam  would  continue  until  the 
lMl1*r  wwn  empUod.  The  valve  wblrb  we  are 
abuHt  to  dMcrlbe  not  udIx  acta  as  a  "nos-n- 

t«rn"    vahe.    Irii    It    rIbo   xhiits   oS   th«  bollem 


■,.■■■.. l-y    VALVK. 

titb  »iubI  (iin'ty  nnil  )ir»tiii.*llun  It  the  main 
•  buald  bo  broken,  ai  from  wai«r  hammrr  or 
rrttiB  tbe  breaklns  ot  an  olbaw.  As  a  rut-oS 
Tilvv  It  acta  automatically,  but  by  turntnK  ot 
•  ba&d-wbMl  It  mar  further  be  used  as  an 
nrdlmarr   Btop-valre.      Aa   Bteam    Is   raised    Id 


tbe  boll«r  Uie  ralve  opens  It  to  tbe  malo  when 
tbe  boiler  pressure  Is  equal  to  tbe  prewur«  la 
the  line,  Ibus  avoldlnK  all  acddttnts  from  eare> 
l«iwl>  opcDiDg  valves  while  ibere  la  cwaaider- 
able  difference  ol  preesurv. 

This  valve  works  iDstaatly  either  wsy  snd 
does  not  (It^pend  upon  dlflerences  to  pmasur* 
tor  It*  ncUon,  but  upon  the  actual  flow  of 
Bteani  ibroush  tb«  valve.  It  a  tube  In  one  of 
the  boilers  should  give  way  It  shuts  down  that 
boiler  only,  and  allow*  all  tbe  otbcr  boilers  In 
the  baitpry  to  go  on  supplylDg  ateam  as  usual. 
Wltb  an  urdlnary  atup-valve  tbe  flruman  la 
frequpntly  scalded  In  trylnc  to  abut  oS  Ib« 
iiialii  or  la  driven  from  tbe  flre  room  without 
t>elDit  able  to  do  anything  lo  sava  the  entire 
plant  from  abut  down.  This  cul-oS  valve  will, 
unless  Intentionally  opened,  star  closed  until 
the  prtisBuie  Is  ral«ed  again.  11  Is.  ther«for«. 
perfectly  sate  (or  a  man  to  go  inaldo  to  repair 
damages  as  soon  aa  tbe  Injured  boiler  baa 
cooled  off  sufllclently. 

1(,  on  ibo  oibpr  hand,  a  steam  beader 
bursts,  or  a  JolDl  brvaks  or  a  cylladar  baad 
blows  off  the  eugtoe.  tbe  cut-off  valvaa  on  all 
tbe  twllers  close  Immediately  before  tba  room 
has  been  Ailed  with  sleam,  and  repairs  can 
proceed  at  once.  The  operation  of  tbla  valvo 
may  easily  be  ac«n  from  tb«  accompanying 
rross-sectlonal  view.  It  Is  Installad  so  that 
the  lower  valre  disc  ts  toward  tbe  boiler  and 
ibe  band-wheel  on  top.  Normally,  when  tbe 
boiler  Is  not  working  the  npper  valve  reata  . 
npoD  ibe  seat  and  prevcota  steain  from  the 
main  from  entering  tbe  boiler.  When  tbe 
steam  pressure  In  tbe  boiler  te  ralaed  to  sltgbt- 
ly  excved  that  In  the  mala,  tbe  valve  lifts  and 
■team  flowa  from  tbe  boiler  Into  tbe  mala.  The 
valve  Is  Terr  noarly  rnanterbalaiK«4  by  a 
vrnlght  on  an  external  arm.  Tbe  lererafe  of 
tbU  weight  may  bo  adjusted  to  different  ratea 
of  steam  (low  snd  boiler  output.  Tbe  valve 
Is  operated  not  by  preaaure  bat  hj  the  actual 
flow  of  Bteam  through  It.     The  Bonaal  Bow  of 
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eteam  Into  the  main  raises  the  discs  to  mld- 
posltloQ  as  abowQ.  The  valve  remains  In  that 
position  as  long  as  steam  Is  being  drawn  from 
the  boiler  at  the  normal  rate,  but  In  case  of 
a  break  on  line  side  of  the  valve  the  exces- 
sive rush  of  steam  would  cany  the  lower  valve 
np  agalnat  the  seat,  shutting  off  the  boiler. 
Of  course,  when  the  flow  reverses  the  upper 
valve  drops  instantly  to  Us  seat  and  abuts  oft 
the  eteam.  The  rate  of  Sow  at  which  the 
boiler  would  be  shut  off  Is  determined  by  the 
weight  above  mentioned,  and  by  the  distance 
between  the  two  valve  faces.     This  Is  adjusted 


conda,  Mont.,  illustrate  bow  It  acts  In  case  at 
accident.  The  accompanying  Illustration 
shows  the  arrangement  for  the  test.  The  au- 
tomatic valve  was  placed  between  the  boiler 
and  the  main.  On  the  boiler  side  was  a  con- 
necting opening  valve  "C"  communicating 
with  the  atmosphere,  and  on  the  main  side 
was  another  quick  opening  valve  "D,"  also 
opening  to  the  atmosphere.  The  boiler  was  a 
300-HP.  Stirling  water  tube  carrying  a  pres- 
sure of  150  iba.  When  this  pressure  was 
reached  the  valve  "D"  was  opened  wide 
enough  to  allow  steam  to  escape  from  the 
boiler  to  correspond  with  different  rates  ot 
driving.  To  determine  how  the  valve  would 
act  If  the  main  should  burst,  the  valve  "D" 


CROSS-SECTIOX    OF    AVTOMATIC    CCT-OFP 
VALVE. 

to  correspond  to  the  greatest  over-load  at 
which  it  Is  desired  to  operate  the  boiler,  say, 
a  rate  over  twice  the  normal  rated  capacity  or 
when  the  water  begins  to  raise  In  the  gage 
glass. 

A  fork  and  link  arrangement  connect  the 
valve  discs  and  balaucing  lever  posiUvelj-,  so 
that  the  position  and  condition  o(  the  valve 
may  be  deiermlued  by  »  slanw  «l  the  balanc- 
ing   lever. 

The  balani-ing  U'wr  is  provldt^  with  light 
sprlDgs  which  prt'v^nl  Ihu  ihaiterlus  or  closing 
of  the  vnlve  undor  ordUiar.v  tMudltlous.  The 
springs  are  uol  alwma  ^uousti  to  prevent 
closing  la  c«8o  o(  «ivid»-m.  hiii  will  proveai 
closing  111  cas«  o(  »  unniieutavv  rush  ot  aieam. 
These  sprlnga  can  be  adJmHxd  lo  iB«et  dU- 
ferent  quantlHtx'  »t  «*•*■  »*  •t'«»i». 

The   followluB   team   iitHau   tw  tH  »  t* 

the  power  Uou«b  sX  U>»  AunvftW* 


ARRANGEMENT    OF    VALVE    FOR    TESTS. 


was  thrown  suddenly  wide  open.  The  water 
rose  so  rapidly  in  the  glass  that  If  it  had  been 
allowed  to  continue,  it  might  have  resulted  ia 
the  destruction  of  the  boiler.  Before  the  wa- 
ter bad  gone  up  3  ins.,  however,  the  auto- 
matic valve  closed  tight.  A  test  was  then 
made  to  see  If  the  automatic  valve  would  close 
if  the  break  opened  slowly.  A  steel  dia- 
phragm was  placed  In  the  pipe  as  shown;  in 
this  diaphragm  was  an  opening  1%  ins.  in 
diameter,  and  when  the  valve  "D"  was  opeoed 
suddenly,  the  automatic  valve  closed  promptlv. 
This  diaphragm  was  then  removed  and  an- 
other substituted  with  an  orifice  Wt  >iS' 
diameter  When  the  valve  "D"  was  opeopd 
again,  the  automatic  valve  did  not  close,  show- 
in^e  that  Its  point  of  closing  was  between  these 
rates  of  delivery.  In  this  case  it  was  set  to 
ctixs^  at  a  Bov  correspoading  to  600  bolter 
HP. 

Atcer  makics  these  tests  the  boiler  was 
again  plai-^  in  ^^ervice  and  a  test  was  made 
lo  sve  what  would  happen  If  a  boiler  tube 
should  break  or  some  part  of  the  boiler  give 
W>  1^'s  was  done  by  suddenly  ope&lng 
—^t*  "C"   upon   which   the    automatic    valve 


Riptlj-.  BbnttlDK  off  th*  mnlD.     Pltt^. 
Wt)  tbeae  ware  made  anil  the  vbIv* 
ctlr  «kcb  Itmo.     The  testa  were  bo 
,    tbat   16   ol  tboM  valves   were  Id- 

BUilf4  IB  the  plant. 

Tke  noBntacturerB  frequently  receive  ri>- 
poru  of  aoddenta  where  the  valve  more  than 
(WT*  tor  ttMlf  In  one  smergeDcy.  One  of  th^ae 
*ml*«a  had  bardlr  been  IniUlled  In  a  plant 
rwvBttr  when  a  blind  end  blew  otr  ibe  iream 
bMuler.  The  englnoer  bad  forKOtten  to  put 
In  all  the  bulta  but  the  aulomattr  valre  acteil 
before  further  daroagft  could  be  done. 

BaratloK  steam  pipes  fr^tiently  scald  tlielr 
vlrtlma  (o  death  where  Ihere  la  no  automatic 
moana  of  abuttlnjc  oil  thn  flow,  but  the  dnn- 
cer  In  refrlseral Ing  plnnla  la  even  greater 
Just  what  ammonia  will  do  If  the  flaw  la  not 
stopped  by  a  cut-off  valve,  may  be  judged  from 
acddasta  which  have  happened  at  Armour's 
refrlcvrailDB  plant  In  Chicago.  A  cylinder 
bead  blew  off  nn  Ice  machine  last  January 
while  twenty  men  were  In  the  room.  Three 
w«re  killed.  BtIt<^en  overcame  by  the  fumes  be' 
tore  they  could  get  out  and  only  one  escaped. 
In  May,  a  two-Inch  ammonia  pipe  burst  and 
the  fumea  killed  all  men,  200  head  of  cattle 
■Dd  I  itaoiiBBDd  Bbeep.  The  hromoDU  Tumes 
were  so  strong  that  rescuers  could  not  enter 
for  fonr  honra.  A  cut-off  valve  In  the  lino 
woald  have  checked  the  fumes  In  both  In- 
•tancca  before  enough  had  escaped  to  be  aert- 
ava. 

Th«  astomaUc  cut-off  volve  herein  de- 
Mrtb«d  tad  referred  to  ts  made  by  the  Lagonda 
Mas  ntaotu  ring  Company.  Springfield.  Ohio. 
who  will  fumUh  promptly  any  further  deacrlp- 
live  literature  dealred  upon  request. 
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FIG.  1  HTDRAl-LIC  RAM  INaTALLATIOW  FOH 
II  S  NAVAL  rOAUNO  3T.\TI0N.  NAItltAOAN- 
SVTt   BAY,   R.  I. 

Plga.   1  and  Z  dhow  an  Inalallatlon  of  larga 
Rite   rams   (or   the   L'nited   Btslee   guvomment 


coaling    Btatlon    at    Narraganaett    Btf, 
each  ram  delivering  211  gals.  ] 


HVDRAITLIC  lUM  Pl'MPIXG  PLASTS. 

The  general  Idea  of  a  hydraulic  ram  Is  that 
ti  Is  a  email  machine  lultable  only  for  ralalns 
a  amall  qtmntlty  of  water  for  country  places, 
•tc-.  but  In  reality  there  Ib  practically  no  limit 
to  the  capacity  of  this  type  as  now  built,  with 
antooBatlc  alr-feMUng  device  and  highe«t  cf- 
flrieftej.  It  haa  the  advantage  of  poaaeealng 
only  a  faw  wearing  parts — easily  and  cheaply 
renevable — and  operates  without  attention  or 
rapenaa.  A  madam  ram  as  made  by  the  Rife 
Knglne  Co.  of  New  York  Cliy  will  pump  with 
good  offlclency  against  beads  of  !G  to  30  tlmM 
the  fall,  (ha  efllclency  varying  from  <0  to  90% 
In  proportion  to  the  ratio  of  the  fall  to  the 
pumping  head.    They  will  operate  under  two  or 

fall  and  nlevate  the  water  3S  to  30 

I  toot  of  fall  used. 


_d M 
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FIG 


INSTALLATION-  OF   RIFE  HYDRAfUC  RAM    FOR   FARMING  PURPOSES. 


«incieacj  of  91.25',f.     The  effitiency  giiuraateed 
in  the  coutract  was  70:^,  but  ibe  tests  showed 
mean  results  in  excess  ot  this,  as  follows: 
Total  water  delivered  to  engine.  No.  1,     No.  2. 

ealloDs  per  minute 5S2         578 

Water    delivered    to    stand-ptpe. 

ealJons   per  minute 232        228 

fover  bead  in  engines.  f«et. 36.76     37. IS 

Pnmptng  bead  in  feet 84.0       S4.0 

Strokes  per  minute 130        130 

EffideBey,  per  cent.    <D'Aut>ISBDn 

roimnla)    91.23     89.06 

A  plant  rec«ntlv  Installed  at  Kallspell.  Mont, 
(vater  supply  SOO  gals,  per  mln..  18  ft.  fall. 
159  ft.  pumping  head),  delivers  SO  Kallons  per 
mlnBte.  tb«  water  being  supplied  lo  the  Con- 
md  Hemorlal  Ceneterr.  Sa  acres.  SO  acres  t»e- 


Ing  Improved  and  provided  with  mains  lor  Ir- 
rigation. 

Tbese  machines  are  now  being  adopted  b; 
tbe  railroads  to  supply  their  water  stations  for 
locomotiTes.  and  the  eipence  of  attendants 
for   sieam    plants,    the    fuel,    etc,    la    ellmi- 

Land  tring  above  tbe  trrlsattoa  canals,  often 
of  the  Sneat  kind  but  valueless  for  lack  of 
water,  can  be  made  more  valuable  than  tbe 
land  below  tbe  dttch  by  uUUilng  tbe  fall  and 
water  from  tbe  dftcb  to  operate  tbe  ram,  ihua 
delivering  a  portion  of  this  water  lo  an  apper 
ditch  or  reeerrolr. 

Figs.  3  and  4  show  the  simple  metliod  ot  tn- 
stallatlon  of  small  plants  for  country  real* 
dences.  stock  farms,  etc. 


I 


MOTOBS    l'X>R    ftI>Klt.\T1.\0    VE.\TIL,.%TD(G 

ArPAR-vnrs, 

Tba  llUatraUoii  ctvaa  bMrewlih  Aows  tlw 
TWiM  trp*  ot  41r«ei-««tf«Bt  vImMc 
vht^  hM  b««a  dvnloped 
Btoctrto  Co.  for  ■»•  U  rea»«cUoa  vltk  turn 
and  Uowen  (nr  ike  v«ntltatloii  ot  butMI&B*. 

Thaw  notora  ar«  biptttar,  and  hani  a  ats^ 
fl*)d  coti  wklrti  MM«tM«  bou  i>a>«  »•«««. 
ma  voll  l«  voand  nn  a  cyHi>drt<«l  txMa  a»oot 
hkvlikc  flbar  *m*»  or  h««te,  u4  la  ft«T««wt«4 
and  vrafHivd  hir  tb«  ^nak*.  0<H»c  !•  ttd* 
protaetton  tb*  uinal  lamiu  vttMi  to  •MM- 
mantal  Is  that  It  nuaftivM  (h«  kMI^ 
iMulltml.  Th*  hMl  iil*<v«'hi|<W  ^ 
«umBt  la  lli»T»(wr»  ««ih-Hj-  4' 


air.  aad  as  a  result  tbe  life  of  tbe 
roU  is  crratly  praloaiged, 

Tb«  amatBre  oore  la  Ihoron^ly  laminated, 
loaa  and  Don-beatlng,  and 
th«  anutan  vtadlacn  Kw  moton  of 
haiat  powii  aad  o««r  coaslst  of  Insulated' 
Awm^wwoad  mUa  aUppsd  Into  slots  and  re*' 
ial»ad  tv  wo»ta«  vedsea.  Tbe  commBtaUr 
to  bnIK  «p  wtth  «  ndattrdy  Urge  nuinber  of 
terd-4nw«  eoppar  aacnwata,  and  these,  to- 
BMkM'  wttfc  t^  Baetr  dlrUed  armature  wtnd- 
iMBMirtops  of  tbe  con' 
afford  excellent  eom- 
ttto*  aad  OTortoad  capwdty. 

Tery  compact,  roqalitnC; 
wtetker  they  are  bdted  or  dli 
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Ktod  to  the  vcDtllatlniE  apr«ratus,  Th«; 
have  «  bUih  offlrleDcy  iDd  rviuarkablu  dure- 
blllty.  AlthouKh  dMilEun]  in  tm  cnclosi^d,  thry 
oui  be  opvrmird  a*  opa'u  motom  bv  iiliiii)!)' 
I««vIdk  off  the  two  di>ora  which  glvo  acoew  to 
ibc  roitimutatnr  and  bruabcB.     Thv  Ulustrntlon 


ROlNDTTrB    MUTOK.     WITH    UNK    l>OOR 
REKOVCU. 

•bows  Uw  motor  with  one  door  removed. 
8«lt-«]l«Bliig  and  Mlf-oillog  bMrlDBs  Iiuuk 
ea>r  rniiDlnK  ■&<)  bd  uninterrupted  lubrication 
at  th«  iMrUt. 

HwM  molarB  ar«  miul«  In  nine  dlSereni 
•luM  or  framw.  rauslns  from  14  to  T  ^  bone- 
power;  lh«r  «r«  dealKDod  tor  115,  130.  or  GOO 
Tolta.  ftud  can  be  nhunt,  aeries  or  compuana 
wonml.  They  can  be  attached  to  the  floor, 
wall  or  cHllng.  aa  owaslon  may  reqalre,  and 
dirtct-connKled  to  the  fan  or  blower.  They 
can  aUo  be  made  to  operate  with  the  ahaft  In 
a  T«nl«al  poaltlon.  Molora  for  dlrMl-connw 
Unn  to  tan*  arw  dlSeront  from  the  standard 
notora  In  ha*lQC  a  longer  abate  ot  larger  dt- 
aiBoiar,  extra  hoavjr  bearing  nest  to  tan,  tbruat 
IK.  •!£■ 


ARTIFICIAL    KHKKV. 

The  Invention  ot  alundum  Is  one  ot  the  lateat 
of  the  Imporlaot  electrochemical  InvenUona 
which,  dnrlng  the  pact  few  yeara.  have  at- 
tracted eo  macb  attention  and  made  Niagara 
Palta  the  centre  ot  electrochemical  Industry  In 
the  United  States. 

Th«  Introduction  ot  alundum  in  the  Held  ot 
gilodlBg  baa  been  remarkably  surcefstiil  and 
npld.  The  requlaltw  sought  tor  and  attained 
la  thla  abrasive  are  eitreme  hnrdnrsa  and 
aharpoeaa.  combined  with  imltormlty  and 
proper  temper.  Thcee  qualities  In  ainndnm 
have  had  much  to  do  with  Its  sncceaatul  devei- 


Tbe  process  of  making  alundum  consists  Id 
(okJoK  the  purest  amorphous  oxide  ot  aluml- 
uura  found  tn  nature,  and  known  as  tlie  mm- 
oral  bauxite,  parlfylog  and  melting  It  In  Im- 
mouae  electric  furnaces,  the  power  (or  which 
Is  fornlsbed  by  the  Falls  of  Niagara.  Upon 
cooling,  thla  molten  maas  solldlfloa  In  solid 
Ingots  ot  alundum.  DeautltuI  crystals  are 
found  Id  the  centre  of  tbi'Ke  masse*,  showing 
nearly  all  ttiv  variety  or  colors  found  In  the 
ruby  and  Bupphtri.',  of  which  alundum  Is  one 
variety. 

After  the  Ingola  of  alundum  have  cooled 
tliey  nre  broken  up  and  the  pieces  are  then 
reduced  to  smaller  pieces  by  mrans  ot  power- 
ful cruflbers.  Atl«r  Ibia  r«duc(iun  the  ma- 
terial Is  then  shlppud  to  the  Worcoater  plant, 
where  It  Is  still  further  reduced  by  being 
passed  through  smaller  crushers  and  several 
f^ts  of  rolls,  tn  order  to  hrlng  It  into  tbe  many 
alies  at  grains  which  are  required  In  the  man- 
ufacture  of  griDdlng-wh^vls.  After  paialng 
through  rolls.  It  Is  eubjectwd  to  the  naua) 
washlDR  and  drylns  procwMee  to  prepare  It 
for  nianutaclure  Into  grindlng-wbeela,  rabbins 
and  sharpening  stones,  and  other  articles. 

The  solid,  maa^ve  alundum,  while  resem- 
bling the  purest  natural  corundum  In  cbamieal 
composition,  has  the  remarkable  quality  of  fac- 
ing cnnalderably  harder  I  ban  (he  natural 
product,  This  U  due  to  the  perfectly  fluid 
roodltlon  In  which  the  mass  Is  broocbt,  the 
control  ot  Its  composition,  the  rate  and  method 
»(  lu  cooling  and  solldlfylnR  by  which  U  re- 
CHlves  Its  temper,  the  abamcn  ot  water  o( 
immblnatlon  (which  almost  Invariably  eztata 
In  natural  corundum). 

In  the  matter  of  bardneta  the  recognlaad 
standard  Is  the  diamond,  which  Is  No.  10  iB 
the  scale  ot  hardneis.  Pure  crystalline  eentn- 
dnm.  represented  by  the  best  aappblre  or  rubT. 
baa  always  been  tbe  standard  tor  No.  S  In  tbe 
scale  ot  bardopm.  This  Is  readily  fcratched 
by  alundum. — From  a  booklet  Issued  by  the 
Norton  Company.   Worcester,   Uai«. 


TKA1>K  PUBLICATIONS. 

HTfCKI.    MINE    TIMBGRa— DaU    and    Tahlea 

tor  the  Use  ot  Mining  Engineers.     Caraa- 

gle     Steel     Co..     Pittsburg.     Pa.      Paper; 

5x7^   Ins.:   pp.  38;   lllustra(>d. 

It  Is  stated  In  this  pamphlet  that  wooden 

timbers   nsod   In  anthracite  mines  have  to  be 

replacml  every   I :  to  IS  months,  thla  replao»- 

ment   being   looked    upon   aa   au   annual   Osad 

charge,  growing  each  year  on  eocount  ot  th* 
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0teady  increase  in  the  price  of  timber — nearly 
60%  greater  in  1906  than  in  1905.  In  view  of 
this  the  Carnegie  Steel  Co.  has  brought  out 
an  H-section  of  steel,  which,  in  connection 
with  the  ordinary  forms  of  I-beams  and  chan- 
nels, may  be  used  in  several  types  of  construc- 
tion which  have  been  successfully  employed  in 
mining  work.  This  pamphlet  illustrates  a  num- 
ber of  these  systems  of  timbering,  and  gives 
tables  of  the  properties  of  H-sections  both  as 
beams  and  struts,  properties  of  I-beams,  chan- 
nels, and  square  and  round  timbers  of  oak, 
pine«  spruce  and  hemlock,  both  as  beams  and 
posts,  and  other  pertinent  information. 


REINFORCED  CONCRETE  IN  FACTORY 
CONSTRUCTION. — 6  x  9  ins.;  250  pp.; 
159  illustrations.  Published  by  The  At- 
las Portland  Cement  Company,  30  Broad 
St.,  New  York  City. 

The  use  of  reinforced  concrete  is  becoming 
so  popular  on  account  of  the  advantages  it 
possesses  over  other  types  of  construction  of 
permanence,  economy  and  proof  against  fire, 
and  its  development  has  been  made  and  is  so 
rapid  that  any  book  giving  new  information 
is  bound  to  meet  with  a  cordial  welcome  and  a 
ready  demand. 

In  the  present  instance,  the  publishers  have 
embraced  the  opportunity  offered  by  this  wide- 
spread interest,  to  issue  a  book  which  combines 
the  feature  of  a  trade  publication  and  an  im- 
portant treatise  on  the  subject  of  reinforced 
concrete  in  its  special  application  to  the  con- 
struction of  factory  and  warehouse  buildings. 
They  have  not  attempted  to  make  it  a  * 'com- 
plete** treatise  on  concrete  factory  construction, 
but  have  aimed  to  present  details  of  this  method 
of  construction  and  careful  descriptions  of  typ- 
ical examples  of  concrete  buildings  selected 
from  various  sections  of  the  country  and 
erected  by  representative  builders,  which  will 
give  a  comprehensive  idea  of  the  advantages 
and  limitations  of  the  material.  Suggestions 
are  thus  offered  to  the  factory  owner  who  con- 
templates building  in  reinforced  concrete, 
while  at  the  same  time  the  practical  details 
will  prove  of  value  to  architects,  enjrineers,  and 
builders  who  are  not  concrete  experts. 

The  book  contains  fourteen  chapters  tTx^ating 
ot  Factory  Construction,  C\>ncrete  Air^refjatea, 
Details  of  Construction,  and  descriptions  of  t^en 
modern  and  imp(>rtAnt  buiMinirs. 

Many  of  the  stales  and  sx^tems  ot  T>^intow<e* 
uent  in  common  u«te  in  b^HMtng:  <y»ntKtrtftcttota 
are  describ<si  in  wotv  or  lens  detail  with  t)hiit<> 
trations,  and  refer<*ncc«  ar^  made  to 
of  concrete  Mock  walls,  surfa<*e  teliJIi^  ^ 


pile  foundations,  and  tanks.  A  number  of  de- 
tails are  shown  which  seldom  appear  in  pub- 
lished descriptions  of  buildings,  and  care  has 
been  taken  throughout  to  give  complete  meas- 
urements so  that  the  figures  may  be  used  as  a 
guide  to  new  construction  work. 

At  the  close  of  the  book  The  Atlas  Portland 
Cement  Company  presents  letters  received  by 
them  from  the  owners  of  the  plants  described 
in  the  various  chapters.  A  number  of  photo- 
graphs of  other  reinforced  concrete  factories 
are  also  reproduced,  without  detail  descrip- 
tions. 

The  work  has  been  prepared  for  the  publish- 
ers by  Mr.  Sanford  E.  Thompson,  a  consulting 
engineer  well  qualified  to  treat  the  subject  as 
an  expert  authority.  It  may  be  considered  as 
one  of  the  best  examples  of  the  new  idea  of 
making  a  trade  publication  serve  the  double 
purpose  of  a  compendium  of  practical  informa- 
tionr  and  of  a  medium  of  publicity.  The  book 
is  offered  for  sale,  bound  in  cloth,  at  fifty  cents, 
but  complimentary  copies  in  board  covers  will 
be  sent  on  request,  to  engineers,  architects, 
builders  and  others  interested  in  cement  and 
concrete  work. 


"DRAGON"  PORTLAND  CEMENT.^The 
Lawrence  Cement  Company  of  Pennsyl- 
vania, 1  Broadway,  New  York.  Paper; 
5^  X  8  Ins.;  pp.  126;  illustrated. 

This  handsome  booklet,  just  issued,  gives  a 
volume  of  interesting  information  regarding 
Portland  Cement;  its  historical  deYelopment 
from  the  earliest  use  of  "Hydraulic  Lime*';  the 
invention  of  "Portland"  Cement;  the  discovery 
of  the  cement  rock  in  Pennsylvania  from  which 
grew  the  American  Portland  Cement  industry 
to  its  present  proportions  of  over  fifty  millions 
of  barrels  a  year;  the  limits  of  the  norma! 
composition  of  Portland  Cement  and  the  use 
of  this  pure  rock  in  the  manufacture  of 
"Dragon"  Portland  Cement. 

It  contains  a  chapter  on  the  "Uses  and 
Economies  of  Portland  Cement,"  giving  ideas 
ol  vDlue  and  showing  how  extensively  and  eco- 
nomically it  can  be  used  for  an  almost  infinite 
variety  of  constructive  and  unusual  work. 

Sections  are  devoted  to  Directions  for  Test- 
ing, Laboratory  Tests,  Packtng  and  Shipment, 
and  mi^^cellaneous  gmeral  Information;  seven 
paired  are  used  for  a  listing  of  important  works 
in  which  ^'Dragon"  Portland  Cement  has  been 
«M<d>  and  a  number  of  lUnstrations  of  public 
Wii4  prtvmte  works  are  gimi,  toeether  with  de- 
SftHyrUre  details  and  a  large  anmber  of  letters 

a»4  <»w»eis.  Thm  psmpHlet  it 
ill 
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Hardware.                                                                        ^ 
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TECHNICAL   LITERATURE 


Moving  A  Statue. 

Moving  a  Large  Statue.  Eng  Reo — Nov 
16,  07.     1  flg.     900  w.     20c. 

Pilcn,  Concrete. 

Concrete  Piles.  Charles  R.  Qow.  Jl  of 
Assn  Engg  Socs — Oct,  07.  4  figs.  5800  w. 
60c.  Read  before  the  Boston  Soc.  of  C.  E., 
May  15.  07. 

The  Simplex  System  of  Concrete  Piling. 
Thos.  MacKellar.  Jl  of  Assn  Engg  Socs — 
Oct,  07.  4800  w.  20c.  Read  before  the 
Boston  Soc.  of  C.  E.,  May  15,  07. 

Reservoirs,   Rcinl^orccd-Concrete. 

Reinforced  Concrete  in  Reservoir  Con- 
struction. E.  R.  Matthews.  Cone  &  Constr 
Engg — Nov,  07.     3  figs.     1900  w.     60c. 

8ewer8,  Reinforced-Concrete. 

Reinforced  Concrete  Sewers  in  Staten 
Island.  Eng  Rec — Nov  2,  07.  5  figs.  3600 
w.     20c. 

Towers,  Reinforced-Concrete. 

Method  of  Constructing  Reinforced-Con- 
crete Towers  for  the  Lincoln  Light  &  Power 
Co.'s  Transmission  Line,  Ontario.  Engg- 
Contr — Nov  20,  07.     3  figs.     2200  w.     20c. 

Tunnels. 

Construction  Methods  in  the  Second  Ber- 
gen Hill  Tunnel  of  the  Lackawanna  R.  R. 
Eng  Rec — Nov.  9,  07.  2  figs.  3100  w. 
20c. 

New  Water  Supply  Tunnels  at  Chicago. 
Eng  News — Nov  14,  07.  9  figs,  3900  w. 
20c. 

Sinking  the  Detroit  Tunnel  Tubes.  Eng 
Rec — Nov  9,  07.     5  figs,     3900  w.  20c 

The  Detroit  River  Tunnel.  Eng  News — 
Oct.  31«  07.  4  figs.  5000  w.  20c  De- 
scribes methods  used  in  sinking  in  a  dredged 
trench  the  H-mile  river  section,  which 
is  formed  of  steel  shells. 

The  Mechanical  Plant  for  the  Construction 
of  the  Tauern  Tunnel  in  Austria.  Eng  Rec 
— Nov  2,  07,     3000  w.     20c 

WaterpriH^flnic. 

l>anip  CoUara  and  How  to  Prevent  them. 
G.  \V.  Ktrwan.  Waterproofing — Nov,  07. 
1000  w,     20c. 

Notes  on  the  Waterproofing  of  Concrete 
BU>ok>.  F.  Haglooh.  Waterproofing — Nov, 
07.     700  w.     20c. 

iVrnuvibilit^v  of  Concrete  and  Methods  of 
Waterprt>ortng.  Oem  Age — Nov,  07.  300 
w.     20o. 

The  Need  of  Waterprtwfing  In  ^wers. 
(let>.  T.  Hammond.  Waterpr\H>fing — Oct, 
07.      2t>00   w.      20o. 

WaterpnH>f  Cellar  OonRtmotlon.  Colbert 
A.  MaoClure.     Tnv  Kngrs  5^i>o  of  W  l>nn — 

Nov,  or.    :<  fiia:!i.    f>ooo  w.    isoe.    lNin>er  rNid 

before  KngineetT^*  S^niety  of  Western  I^H** 

avlvanla.  8ept.  ^,  07. 


Wrecking  Brick  Stack. 

Wrecking  a  Brick  Smokestack.  Edward 
E.  Wall.  Eng  Rec — Nov  23,  07.  3  figs. 
700  w.     20c. 

MATERIALS. 

Cement. 

A  Plant  for  Making  White  Portland  Ce- 
ment and  Using  Producer  Gas  for  Fuel.  Eng 
News — Nov  7,  07.  2200  w.  20c.  Describes 
the  new  plant  of  the  Art  Portland  Cement 
Co.,  at  Kimmell,  Ind. 

Cement  Materials  on  the  Isthmus  of  Pan- 
ama. Eng  News — Nov  21,  07.  2000  w. 
20c. 

Classification  and  Uses  of  Cement.  Sam- 
uel S.  Sadtler.  Jl  of  Franklin  Inst — Nov, 
07.  5000  w.  60c.  Paper  read  before  the 
Institute,  Oct,  1907. 

The  Setting  of  Portland  Cement.  Bertram 
Blount.  Cone  &  Constr  Engg — Nov,  07. 
1900  w.  60c.  A  short  summary  of  the 
present  state  of  knowledge  of  the  subject 

Concrete  Blocks. 

Device  for  Stacking  Concrete  Blocks. 
Cono — Nov,  07.     1  fig.     700  w.     20c. 

Rust  Prevention. 

Rust  Prevention. — I.  L.  M.  Stem.  Ir 
Age — Nov  21,  07.  8000  w.  20c  A  treatise 
on  the  preservation  of  iron  and  steel  by 
paint. 

Timber. 

Use  of  Dead  Timber  in  the  National  For- 
ests. E.  R.  Hodson.  Jl  of  El  Power  &  Gas 
— ^Nov  9,  07.     1500  w.  20c 

RIVERS,  CANALS,  HARBORS. 

The  Constmction  of  a  Siphon  in  Upper 
Egypt.  F.  Nenhans.  Engr  (Lond) — Oct 
25,  07.  4  figs.  4400  w.  40c  Describes 
siphon  under  two  canals  leading  from  the 
Nile,  near  the  Assint  Barrage. 

The  Effect  of  Changes  in  Canal  Grades  on 
the  Rate  of  Flow.  F.  W.  Hanna.  Eng  News 
— Nov  21,  07.     3500  w.     20c 


Reconstructing  a  New  York  Pier  Shed. 
Eng  Rec — Nov  2.  07.     2  figs.     1200  w.     20c 

The  Proposed  Dock  SljBtem  of  Newark. 
Eng  Rec — Nov  16,  07.     1  flg.     1500  w.     20c 

I'nique  Concrete  Docks  at  Cleveland. 
Stanley  L.  McMichael.  Cem  Wld — ^Nov  15, 
07.     3  figs.     1500  w.     20c 


The  Dredger  **Affonso  Penna."  Engg — 
Oct  ^5.  07.  5  figs.  1000  w.  40c  Describes 
a  dredire  capable  of  raising  600  tons  of  ma- 
terial per  hour  from  a  depth  of  €€  ft.  below 
wat«r4eT^l.  and  of  dealing  with,  difficolt 
iMAcfftela,  SBC^  as  stiff  day  or  dlatetQerated 
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TECHNICAL   LITERATURE 


Irrigation  Canals. 

Distribution  of  Irrigation  Water  from 
Canals  in  the  Yakima  Valley,  Washington. 
S.  O.  Jayne.  Eng  News — Nov  7,  07.  6000  w. 
20c.  From  Bull.  188  (''Irrigation  in  the 
Yakima  Valley,  Washington"),  Office  of  Ex- 


periment Stations,  U.  S.  Department  of  Agri- 
culture. 


Land  Reclamation. 

Land   Reclamation  in  Holland. 
(Lond) — Nov  15,  07.     2600  w 


— I.     Engr 
40c. 


ECONOMICS 


California,  Engineering  Possibilities  in. 

Engineering  Possibilities  in  California. 
John  A.  Britton.  Jl  of  El  P  and  Gas — Nov 
9,  07.     5200  w.     20c. 

Cost  Estimating. 

The  Estimation  of  Costs  in  General  Engi- 
neering Work.  F.  T.  Clapham.  Mech  Engr 
— Nov  9,  07.  5600  w.  40c.  From  a  paper 
read  before  the  Birmingham  Association  of 
Mechanical  Engineers,  Nov.  2,  07. 

Engineering  Education. 

Engineering  and  Construction  at  the 
United  States  Naval  Academy.  Day  Allen 
Willey.  El  Rev — Nov  9,  07.  5  figs.  1600 
w.     20c. 

The  Engineering  School  and  the  Electric 
Manufacturing  Company.  Chas.  F.  Scott. 
Elec  Jl — Nov,  07.     3000  w.     20c. 

The  Need  of  a  College  Course  in  the  En- 
gineering of  Illumination.  L.  B.  Marks. 
Sibley  Jl  of  Engg — Nov,  07.     2100  w.     40c. 


Filing  Clippings. 

A  Solution  of  the  Data-Filing  Problem.  G. 
P.  Pearce.  Am  Mach — Oct.  10,  07.  1200 
w.     20c. 

Filing  Clippings  Without  Indexing.  James 
Hutch eson.  Am  Mach — Oct.  3,  07.  1100 
w.     20c. 

Mexico,  Economic  Progress  of. 

The  Economic  Progress  of  Mexico  Since 
Early  Times.  Chas.  C.  Schnatterbeck.  Min 
Wld — Oct.  26,  07.     20  figs.  11000  w.     20c. 

Patents. 

The  Right  to  a  Patent  as  between  Em- 
ployer and  Employee.  John  Edson  Brady. 
El  Wld— Nov  2,  07.     4500  w.     20c. 

Sales  Contracts. 

Sales  Contracts.  B.  A.  Brennan.  El  Jl — 
Oct.,  07.  3300  w.  20c.  III.  Damages  in 
general;  conclusion. 


ELEXTTRICAL  ENGINEERING 


ELECTROCHEMISTRY. 

Batteries  in  Multiple-Series. 

The  Best  Multiple-Series  Arrangement. 
Hugh  S.  Brown.  El  Rev — Nov  23,  07.  2000 
w.  20c  Describes  an  original  and  theo- 
retically accurate  method  of  determining  a 
practical  rule  for  the  best  multiple-series 
arrangement  for  any  given  number  of  cells. 

Electrolysis. 

Electrolysis  Somewhat  Explained.  Elec 
Engr — Nov  15,  07.     1100  w.     40c. 

The  Relation  Between  Polarization  and 
the  Corrosion  of  Iron  Pipes  by  Stray  Cur- 
rents. Irving  Langmuir.  Stevens  Inst,  Ind 
— Oct,  07.     3  figs.      6700  w.     60c. 

Wehnclt  Interrupter. 

The  Wehnelt  Interrupter.  F.  Piola. 
Elecn — Nov  1.  07.  1000  w.  40c  Abstract 
from  ''li  Nuovo  Cimento,*'  describing  ex- 
periments on  the  property  of  the  voltameter 
discovered  by  Wehnelt. 

ELECTROPHYSICS. 

Alternators,     Distribution     and    Breadth    Co- 
efficients of. 

Distribution  and  Breadth  Co-efficients  of 
Alternators.  N,  Stahl.  Elec  Wld — Nov  S, 
07.     2  figs.     3700  w.     20c 

Alternator,  Power  Curve  of. 

A    Simple    Method    of    Coiuitruclli 
Power  Curve  of  an  Alternator 
Z  V  D  I — Nov  2,  07.     18  flfS.    ' 


Damping  Windings  on  Alternators  in  Parallel. 

Influence  of  Damping  Winding  on  the 
Power  Oscillation  in  Alternators  operating 
in  Parallel.  F.  Emde.  Elek  u  Masch — Sept 
22,  07.    16  figs.    6000  w.    60c. 

Condenser  Losses. 

Losses  in  Condensers  with  Solid  Dielec- 
trics and  their  Damping  Action  on  High- 
Frequency  Circuits.  W.  Hahnemann  and 
L.  Adelmann.  Elek  Zeit — Oct  17.  07.  2500 
w.     40c. 

Insulators,  Dielectric  Strength  of. 

The  Dielectric  Strength  of  Insulating  Ma- 
terials and  the  Grading  of  Cables.  Alexan- 
der Russell.  Elec  Engr — Nov  15,  07.  3500 
w.  40c.  Paper  read  before  the  Institution 
of  Electrical  Engineers. 

Leakage  Co-efficient,  Induction  Motors. 

Leakage  Co-efficient  of  Induction  Motors. 
R.  E.  Hellmund.  Elec  Wld — Nov  23,  07. 
4  figs.  2200  w.  20c  Gives  approximate 
formula  for  use  with  motors  of  the  squirrel* 
cage  type. 

Permeability  of  Alloyed  Irons. 

The  Permeability  of  Alloyed  Irons  at  High 
Flux  Densities.  E.  A.  Watson.  Elecn — Oct 
18,  07.     5  figs.     1600  w.     40c. 

INwwer*Factor   CSalcvlator. 

^  f'teaplde  Calculator  for  Finding  Powtf- 
^^■iprovement  by  Use  of  Ssnachronoiu 
^^^arlea  L  Tonne:.     Elec  Jl — ^Nov, 
1400  w.     20c 
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Solenoid. 

Characteristics  of  the  Solenoid.  Charles 
R.  Underhill.  Elec  WW — Nov  23,  07.  7 
figs.     2000  w.     20c. 

GENERATORS,    MOTORS,    TRANSFORMERS. 

A.  €.  Motor. 

The  Deri  Single-Phase  Commutator  Mo- 
tor. El  Engg — Oct  24,  07.  18  figs.  2200 
w.     40c. 

Alternators,  Compounding  of. 

A  Method  of  Compounding  Alternators. 
J.  Bezalman  and  J.  Perret.  Elecn  (Lond) 
— Nov  1,  07.  3  figs.  1500  w.  40c.  Ab- 
stract from  "L'Eclairage  Blectrique/' 
explaining  methods  and  describing  a  3- 
phase  turbo-generator  designed  in  accord- 
ance with  it. 

Artificial  Loading  of  Generators. 

Artificial  Loading  of  Large  High-Voltage 
Generators.  N.  J.  Wilson.  El  Jl — Nov,  07. 
4  figs.     3700  w.     20c. 

D.  C.  Generators,  Operation  of. 

The  Starting,  Regulating  and  Stopping  of 
Continuous-Current  Generators.  J.  T. 
Mould.  Elecn — Nov  8,  07.  3  figs.  3200 
w.  40c.  Abstract  of  paper  read  before  the 
Association  of  Engineers-in-Charge. 

D.  C.  Motors. 

Direct-Current  Motors,  Their  Action  and 
Control. — I.  P.  B.  Crocker  and  M.  Arendt. 
El  Wld — Nov  2,  07.     1  fig.     3700  w.     20c. 

Revolving-Field  Generators. 

A  Phenomenon  of  Revolving-Field  Grener- 
ators.  F.  Punga  and  W.  Hess.  El  Wld — 
Nov  16,  07.  9  figs.  2400  w.  20c.  Dis- 
cusses the  small  e.  m.  f.  that  is  sometimes 
produced  between  the  ends  of  a  high-speed 
machine. 

Rotary  Converter,  Portable. 

Portable  Substation  for  Rochester  &  So- 
dus  Bay  Railway.  B.  C.  Amesbury.  St  Ry 
Jl — Nov  2,  07.  6  figs.  1700  w.  20c  De- 
scribes the  equipment  and  operation  of  the 
portable  rotary  converter  used  during  the 
summer  in  the  Sodus  Bay  Division  of  the 
Rochester  System. 

Transformers  in  Parallel. 

Parallel  Operation  of  Transformers.  G. 
Stern.  Elek  Zeit — Oct  10,  07.  6  figs.  200 
w.     40c. 

Turbo-Generators. 

Continuous  -  Current  Turbo  -  Generators. 
H.  I.  C.  Beyer.  Elek  u  Masch — Sejt.  29,  07. 
9  figs.  5500  w.  Oct  16,  5  figs;  3500  w. 
Oct  13,  7  figs,  5200  w.     Each,  60c. 

Direct-Current  Turbo-Generators.  H.  I. 
C.  Beyer.  El  Wld— Nov  16.  07.  13  figs. 
6000  w.  20c.  Discusses  points  in  their 
design. 

Tests  of  Large  Turbo-Generators  in  the 
United   States.     Engr    (Lond) — ^NOY  1»  07 
3  figs.      2200   w.     Nov  15,  3  figs,  t|0^ 
Each,  40c, 


LIGHTING. 

Electric  Arc. 

Observations  Upon  the  Electric  Arc.  W. 
L.  Upon.  Elecn — Oct  25,  07.  13  figs.  2200 
w.  Nov  1,  16  figs,  2200  w.  Bach,  40c 
Paper  on  metallic  arcs  in  various  gases;  read 
before  the  Physical  Society. 

On  the  Electric  Arc  between  Metallic 
Electrodes.  W.  G.  Cady  and  H.  D.  Arnold. 
Am  Jl  of  Sc — Nov,  07.  6  figs.  6600  w. 
50c. 

Industrial  Lighting. 

Plain  Talks  on  Illuminating  Engineering. 
E.  L.  Eliott.  II  Engr — ^Nov,  07.  2  figs. 
5200    w.      20c.     XII. — Industrial   Lighting. 

The  Illumination  of  the  Building  of  the 
Edison  Electric  Illuminating  Company  of 
Boston.  Louis  Bell.  L.  B.  Marks  and  W. 
D'A.  Ryan.  Elec  Rev — Nov  2,  07.  7  figs. 
14,000  w.     20c. 

Photometers. 

The  Sensitiveness  of  (various)  Photo- 
meters. L.  W.  Wild.  Elecn — Nov  8,  07. 
1000  w.     40c 

PLANTS    AND    CENTRAL    STATIONS. 
Detroit  Plant. 

The  Public  Lighting  Plant  of  Detroit 
William  M.  Daly.  Mun  Engg— Nov,  07. 
2600  w.     40c. 

Economics  of  Plant  Management. 

Economic  Considerations  on  the  Manage- 
ment of  Plant.  W.  H.  Patchell.  Elec  Engr 
— Nov  15,  07.     5600  w.     40c. 

Windmill-Power  Plant. 

Windmill  Electricity  Works  in  Denmark. 
El  Rev — Nov  1,  07.     3  figs.     1900  w.     40c. 

TELEGRAPHY    AND  TELEPHONY. 

Automatic"  Telegraphs. 

Automatic  Telegraphs  in  the  United 
States.  D.  McNicol.  W  Elecn — ^Nov  9,  07. 
4  figs.     3900  w.     20c. 

Telephone  Rates. 

Determining  Rates  for  Large  Telephone 
Exchanges.  W.  H.  Crumb.  Am  Tel  Jl — 
Nov  9,  07.     8  diagrams.     2400  w.     20c. 

Wireless  Telegraphy. 

A  Direct  System  of  Wireless  Telegraphy. 
E.  Bellini  and  A.  Tosi.  Bl  Engg — ^Nov  14, 
07.     22  figs.     4900  w.     40c. 

The  Wireless  Station  at  Glace  Bay.  El 
Wld — Nov  16,  07.     1  fig.     700  w.     20c 

TESTS    AND    MEASUREMENTS. 

Tests  for  Central  Stations. 

Convenient  Tests  for  Central  Station  Op- 
erators. W.  M.  Hollis.  El  Wld — Nov  2,  07. 
7  figs.    1700  w.     20c 

Watl^Hovr  Meters. 

Eltecta   of  Short  Circuits  on   the  Drag 
'^    Watt-Hour    Meters.      A.    A. 
Wld— Nov  16.  07.  1  fig.     1000 
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Architects*  and  Builders'  Magazine 

THIS  Msftaiine  is  devoted  to  describinf;  And  iltuatrating  the  artirtic.  technical  and  con- 
Mnictivr  tvaturee  of  modern  building. 
While  it  gives  conBldemble  ep.ice  to  illustrationR,  it  is  bj^  do  me&ns  a  mere  picture 
book,  but  ifBt*n  carefully  into  all  the  constructive  and  engineerins  featurei  o(  )t« 
biiildlngi,  mch  as  foundations,  lireproofing,  etc.,  pving  the  best  practice  of  th« 
Iradins  archilecl*,  engineers  and  bailders. 

In  addition  to  trratinjc  recent  stnictiirea  in  this  full  and  elaborate  manner,  tiiere  appear 
trum  month  to  tuonth  serial  and  special  articles  »n  technical  subjects,  leftal  questions  affecliiiK 
arrbttrcta  and  bulldprs  and  other  matters  of  current  interest. 


The  alto  of  the  ptihlinhcrs  bring  to   furntiih  an  iip-lo-date   mnnihlv  representing  the   lat«st 
*  '«•{  idMS  of  the  architectural  profcBsirin. 

A  new  article  on  Fireproof  Construction 
started  with  October  Number. 

I  Monthly  at  ti.OO  per  yi-ar.    Canada  fi-fiO.    Foreign  Subscriptions  (3.00  per  year.    Single 
Copies  -M  cents. 

WILLIAM    T.    COMSTOCK,    Publisher 

3i  WARREN    STREET.   NEW    YORK 

i>  foi  Magazine  and  Technical  I.ibrar^- 


There  is  a  reason  why 

MINES  AND  MINERALS 

Has  a  lar^jcr  pai<l  circulation  among 

Mine  Owners  and  Mine  Officials 

than  any  other  mining  journal 

The  reason  is 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better   illustrated,  than  any  other 

It  is  (levotei!  exclusively  to  piaclical    Minini;  and   MrtaUuruy 

Sobscriplioa  Price,  $2.00  per  jreAT  Sanplt  copy  ao  request 
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D  E  N  V  E  R  .     C  O  L  O .  S  C  R  A  N  T  O  .N  ,    P  A  . 
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TECHNICAL   LITERATURE 


tniANSMISSION,   DISTRroUTION,  CONTROL. 

Almninum  Conductors. 

Aluminum  as  a  Substitute  for  Copper  for 
Electrical  Transmission  Purposes. — I.  John 
B.  Sparks.  EI  Rev  (Lond) — Nov  15,  07. 
2  figs.     3000  w.     40c. 

Cable  Constants. 

Constants  of  Cables  and  Magnetic  Con- 
ductors. Ernst  J.  Berg.  Proc  Am  Inst 
B  B — Nov  8,  07.  7000  w.  80c.  A  paper 
read  at  a  meeting  of  the  Schenectady 
Branch  of  the  Am.  Inst.  El.  Engrs.,  April 
25,  07. 

Oiroults  with  Mercury  Arc  Rectifier. 

Characteristics  of  Circuits  Employing  a 
Mercury  Arc  Rectifier.  O.  S.  Beyer,  J.  I. 
Liner  and  A.  J.  Loppin.  Stevens  Inst  Ind 
— Oct.  07.     7  figs.     900  w.     80c. 


Conduit  Wiring. 

Wiring  with  Iron  Conduit, 
bacher.  El  Wld— Nov  2,  07. 
w.     20c 


Louis  J.  Auer- 
25  figs.    3700 


Insulation. 

High-Tension  Insulators,  from  an  Engi- 
neering and  Commercial  Standpoint.  C.  D. 
Delafield.  Cent  Sta — Nov,  07.  3600  w. 
20c. 

Rubber  Insulation  for  Conductors. — I. 
Fred.  J.  Hall.  Elec  Wld — Nov  23.  07.  2900 
w.      20c 

Some  Notes  on  Insulation  and  Insulation 
Testing.  S.  M.  Hills  and  T.  Qermann.  El 
Bq^ — Xov    8,    07.      1100    w.      40c      From 


paper  read  before  the  Northampton  Institute 
Engineering  Society.  Oct  25.  1907. 

Interrupting  Devices. 

Circuit-Interrupting  Devices. — I.  F.  W. 
Harris.  El  Jl — Nov.  07.  4  figs.  2500  w. 
20c. 

Lightning  Arresters. 

The  Action  of  Roller  Lightning  Arresters. 
El  Engr — Nov  8,  07.     2  figs.     1200  w.     40c 

Switchboards. 

Electrically  Operated  Switchboards.  B. 
P.  Rowe.  El  Jl — Nov,  07.  7  figs.  1600  w. 
20c 

Underground  and  Overhead  Conductors. 

Underground  and  Overhead  Electric  Dis- 
tribution. W.  W.  Cole.  Prog  Age — Nov  1, 
07.  1700  w.  20c  Paper  read  before  the 
Empire  State  Gas  &  Elec  Assn..  Oct.  2.  07. 

BnSCELLANEOUS. 

Lightning,  Protection  from. 

Defective  Lightning  Conductors.  El  Rev 
— Nov  8,  07.     4800  w.     40c. 

The  Protection  of  Buildings  from  Light- 
ning. Alfred  Hands.  Elec  Engr — Nov  15, 
07.  3  figs.  3800  w.  40c  Lecture  de- 
livered at  the  School  of  Military  Engineer- 
ing. Chatham. 

Resuscitation  from  Electric  Shocks. 

Electric  Sleep  and  Resuscitation  from 
Electric  Shock.  Dr.  Alfred  Gradenwltz.  W 
Elecn — Nov  23.  07.     4  figs,     2600  w.     20c 


INDUSTRIAL  TECHNOLOGY 


Brick  Making. 

Firing  Kilns  by  S«|>erheated  Steam.  Brit- 
ish Clay  Wkr — Xov,  07.     3100  w.      40c, 

Gas  Manufacture. 

A  New  Method  of  Condensing  and  Scrub- 
bing, Wm,  Seymour.  Pr<HK  Age — Nov*  15, 
07.  2  figs,  6000  w.  20o,  Paper  rwid  be- 
fore the  Mich,  Gas  As&n,,  Sept  20»  07, 

Filling  Ualloonsu  \V,  A,  Baehr,  Prog 
Ag^ — Xov  ir>.  07,  4  ftg^  4200  w.  20c, 
l>t>$orllH^8  the  supplying  of  gas  for  the  In- 
tern«tionjil  l>iilUH>n  raix^s  «t  St,  Louis,  Oct, 
21.  07. 

Ujis  StAud^iNls  AlttxM  K.  F^>rstA)l,  PnMC 
AgK'^  Nov  I.  o:  2SO0  >»  200,  Pai^r 
PiJ^a   l>ofoi\>  tbo   Kmptrt^  Sut<»  G^^s  A    KKv. 

A«iSH^ » ivt.  2.  o: 

Hi>ih    r»v?5su»v    lM?*tr<butUM\        Iti^    Kffvv: 

of  0«i^,  Am  O^*  \.i  sW  iVt  is.  o:  14  00 
w.  20o,  KttMu  tho  \KM\rWAl  of  lU*  Ki^ht- 
ln»/^ 

Homo  m^^^lo  Uoii^Mnfi  IVxuv*  m  tW  K%a* 
Work?*  Au>  t;^i)k  \A  .\\  NN^v  n,  ^C.  «  ilU». 
1200  w.     200 


Studies  in  the  Manufacture  of  Coal  Gas. 
Alfred  H.  White  and  Fred.  E.  Park,  Prog 
Age — Nov  15,  07.  6  figs.  7200  w.  20c. 
Paper  read  before  the  University  of  Mich., 
Sept,  20.  07. 

Graphite   (DeOooculated). 

Defloccnlated  Graphite,  E.  G.  Acheson. 
Jl  of  Franklin  Inst — Xov,  07.  5  figs.  3200 
w.  60c,  Paper  read  before  the  Institute, 
Oct.,  07, 

DefiOcculated  Graphite.  E.  G.  Acheson. 
Am  Mach — Xov  21,  07.  1  fig.  1600  w. 
20o.  Abstract  of  an  address  delivered  in 
Xew  York  before  the  American  Electro- 
chomical  Society. 

Xitric   Acid, 

S>ri:he::c  Xitric  Acid.      Eng  &  Min  Jl — 

XvM    :f.   07.      lli*v  w.     20c, 

I'^ilimcnt. 

Zi7.c  Oxiae:  lis  Properties  and  Uses. — L 
W-  i;  S.>o::  Min  Wld — ^Xov  S^,  07.  2600 
fr>       Xov  If.  2TtH*  w.     Eaai,  20c. 
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^     STRUCTUHAL   SHAPES    " 

9lf.esoBm»H>witr. 
fft'ce  - 


Edge's  Weight  Computer 

for  Structural  Shzpes— Price  si. oo 

'*A  Very  Useful  and  Helpful  Instrument."— AWj^k  CoHstruetion  Co, 


i 


THE  veigfat  of  any  pUlP,  fitini  a  imall 
Allcf  lo  thr  Urgeil  rolled  web  pl*M. 
can  ba  fotiaJ  io  four  or  tiva  wnHKli. 
A*  khovo  id  cut,  Ibo  weight  of  •  pUto 
4>:S  'n  Xtoli.  UbH  Iha.  The  CompoMr  <■ 
to  amogad  (bat  ihn  waiKbl  of  an  aoRl*  ol  my 
laui(ih  can  be  toaoA  with  adual  Tapiduy.  Tha 
Uu^aaaa  at  th«  UMti"  r«qair«d,  louBd  on  !>>• 
■mall  ub  on  the  opper  d»c,  ti  bftWRht  oppo- 
•Iw  a  poiai  on  the  towat  dlw  repwianiini  iha 
•am  ol  Iha  iwo  lav*  of  tba  uifila,  and  tb« 
««i|hl  rc«d  directlr  oppoaite  ihe   length,  aa 


with  pUtPL  The  weight  ol  beam*  of  an^ 
leniitli.  when  weiihl  per  foot  ji  known,  t* 
loand  bjr  briDKinR  Iha  arrow  on  tha  upper 
diw:  ottpaalu  a  point  on  ihe  lower  diac  oom- 
•poDdlog  to  the  weight  per  foot,  and  the  leaoll 
•ale  oppodte  ibe  iMgtb  of  tbe  baam  givM  lb* 
tHUiled  weight. 

Kmm  ar*  milirrlr  aUmlaalad :  wetghti  ua 
dabaltelr  uaikad  on  tha  roaalt  ksIb. 

The  CtMnpnuif ,  aboat  (iMt  liiiMa  aa  rapid  aa 
■  did*  nil*,  will  «av«  it*  coal  in  two  or  ibtM 

Tbe'  Edgel  Computer  Sale*  Acency,  Rm«  9K,  220  Braidwty.  New  York 
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TECHNICAL   LITERATURE 


MARINE  ENGINEERING 


Collier. 

Coal-Carrying  "Trunk"  Steamer.  Engg 
— Nov  1,  07.     2  figs.     1000  w.     40c. 

Electric  Conductors  on  Board  Ship. 

Electricity  on  Board  Ship.  Sydney  F. 
Walker.  Mar  Engr  &  Nav  Arch — Nov  1,  07. 
2  figs.  2700  w.  40c.  XIV. — Sizes  of  Ca- 
bles for  Distributing  the  Current. 

**Kronprinzessin  Cecilie.** 

The  Hamburg-American  Steamer  "Kron- 
prinzessin  Cecilie."  F.  C.  Guenther.  Inter 
Mar  Engg — Dec,  07.     19  figs.     3700  w.  40c. 

Marine    (Beam)    Engines. 

The  Marine  Type  of  Beam  Engines.  R. 
C.  Monteagle.  Tech  Quarterly — Sept,  07. 
4200  w.     80c. 

**Maiiretania/* 

The  Cunard  Turbine-Driven  Quadruple- 
Screw  Atlantic  Liner  "Mauretania."  Engg 
— Nov  8,  07.  A  90-page  exhaustive  descrip- 
tion of  the  sister-ship  to  the  "Lusitania." 
with  190  illustrations,  50  of  which  are  full- 
page  plates.  Price,  80c.  (It  is  doubtful 
whether  orders  can  be  filled  for  this  num- 
ber, as  the  issue  describing  the  "Lu«itania" 
was  exhausted  before  our  first  order  was 
received  by  the  publishers.) 

The  Quadruple  Turbine  Steamship  "Mau- 
retania."  Sc  Am — Nov  23.  07.  8  figs.  3000 
w.     20c. 


Mine-Laying  Steamer. 

A  New  Mine-Laying  Steamer.  Inter  Mar 
Engg — Dec,  07.     12  figs.     1800  w.     40c. 

Navigation. 

Navigation  by  Celestial  Observation. — III. 
Stephen  P.  M.  Tasker.  Inter  Mar  Engg — 
Dec,   07.     2400  w.      40c. 

Screw  Propeller. 

The   Screw   Pr6peller. — XV. 
ton.     Mar  Engr  &  Nav  Arch- 
3200  w.     40c 


A.   E.  Sea- 
-Nov   1,  07. 


"Suevic,"  Repairs  of. 

A  New  Fore-Part  for  the  "Suevic."  In- 
ter Mar  Engg — Dec,  07.  5  figs.  900  w. 
40c. 

The  Salvage  of  the  Twin-Screw  White 
Star  Liner  "Suevic."  Mar  Engr  &  Nav  Arch 
— Nov  1,  07.     5  figs.     1500  w.      40c. 

Turbine  Steamer  Tests.  ~^ 

Builders'  Trials  of  Curtis  Turbine  Steamer 
"Creole."  Chas.  B.  Edwards.  Engg — ^Nov 
15,  07.  900  w.  40c.  Abstracted  from  the 
Journal  of  American  Society  of  Naval  En- 
gineers. 

Yarrow  &  Co.*s  Shipyard. 

*The  New  Ship-building  Works  of  Yarrow 
&  Co.,  Limited,  at  Scotstoun.  Engr  (Lond) 
— Nov  15,  07.  4  figs.  7000  w.  40c.  De- 
scribes new  works  on  the  Clyde. 


MECHANICAL  ENGINEERING 


AIR    ^LICHIXERY. 

Air-Compressors. 

Electrically  Driven  Air-Compressors.  An- 
drew F.  Bushnell.  Eng  &  Min  Jl — Nov  2, 
07.     6  figs.     2500  w.     20c. 

The  General  Electric  Centrifugal  Air- 
Compressor.  Sanford  A.  Moss.  Ir  Age — 
Nov  14.  07.     3  figs.     3200  w.     20c. 

Air  Drill. 

The  Electric  Air  Drill.     William  L.  Saun- 
ders.    Comp  Air — Nov,   07.      2   figs.      6400 
w.     20c.     Presented  at  the  Toronto  meeting 
(July.   1907)    of  the  American  Institute  of 
Mining  Engineers. 

Blowing  Engines. 

Blowing  Engines  Driven  by  Blast-Furnace 
Gas.  Kngg — Oct  25,  07.  13  figs.  1700  w. 
40c. 

tx)uxmxG. 

Cost  System  for  Foundry. 

A  Jobbing  Foundry  Cost  System.  J.  F, 
Johnson.  Fdry — Nov,  07.  10  figs.  8600 
w.     20c. 

Faults  of  Iron  Castings. 

Faults  of  Iron  Castings. — 11.  PorrMt  * 
Cardullo.     Machy — Nov,  07.     t  !!<».     t^ 


w.  40c.  Discusses  sponginess,  shrink- 
holes,  floating  cores,  cold  shuts,  etc.,  from 
the  machine  designer's  standpoint. 


Malleable  Fittings. 

Production   of   Malleable  Fittings. 
— Nov,  07.     22  figs.     4600  w.     20c. 


Fdry 


Melting. 

Economy  in  Melting.  Jos.  H.  Hart.  Met 
Ind — Nov,  07.     2000  w.     20c. 

Melting  Iron  for  Foundry  Purposes. — II. 
E.  L.  Rhead.  Mech  Engr — Nov  2,  07.  3900 
w.     40c 

Pouring. 

Gates  and  Risers  or  Sink-Heads.  P.  R. 
Ramp.  Fdry — Nov,  07.  10  figs.  1400  w. 
20c. 

Retort  Casting. 

Molding  a  Retort  Casting.  Jabez  Nail. 
Fdry — Nov,  07.      10  figs.     2800  w.      20a 


Preparation,    Proportioning    and    Testing 
ot  FoumdiT  Sand.    J.  Kraus.    Stahl  u  Eisen 
tS.  07.    8  figs.     2000  w.    Oct  30.  07. 
IMt  w.    Each.  60c 
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TECHNICAL    LITERATURE 


8olidlflcatlon  of  Cast  Iron. 

The  Solidification  of  Cast  Iron.  E.  L. 
Rhead.  Fdry — Nov.  07.  3,300  w.  20c. 
Discusses  changes  occurring  during  and 
after  cooling— crystallization  and  contrac- 
tion. 

Steel  Castinics. 

Converter  vs.  Small  Open-Hearth.  W.  M. 
Carr.  Fdry — Nov.  07.  2200  w.  20c.  Dis- 
cusses the  advantages  and  disadvantages  of 
these  two  processes  for  the  manufacture  of 
small  steel  castings. 

Titanium  In  Steel  and  Iron. 

Titanium  in  Steel  and  Iron.  Charles  V. 
Slocum.  Iron  Tr  Rev — Nov.  14,  07.  3000 
w.  20c.  A  paper  read  before  the  Pittsburg 
Foundrymen's  Association,  Nov.   4,   1907. 

HEATING  AND  VENTILATION. 

Heating  and  Ventilating  Installations. 

Heating  and  Ventilating  the  Commercial 
National  Bank  Building. — II.  Eng  Rec — 
Nov.  2,  07.     3  figs.     3700  w.     20c. 

The  Mechanical  Ventilation  and  Warming 
of  St.  George's  Hall,  Liverpool. — II.  Htg  & 
Vent  Mag — Nov.,  07.     2  figs.     500  w.     20c. 

Hot-Blast  Heating. 

Hot-Blast  Heating.  Charles  L.  Hubbard. 
Dom  Engg — Nov.,  2.  07.  5  figs.  2000  w. 
Nov.  16.     1000  w.     Each,  20c. 

Indirect    Heating    in    a    Detroit    Factory. 
Met  Wkr — Nov.    2,   07.      3   figs.      2600   w. 
20c.     Gives  details  of  a  fan  system  with  ar- 
rangements for  internal  circulation. 

The  Performance  of  Hot  Blast  Coils — II. 
Htg  &  Vent  Mag — Nov..  07.  5  figs.  3800 
w.     20c 

HotoWater  Heating. 

Proportioning  Radiation  Hot-Water  Heat- 
ing. Geo.  G.  Bennett.  Engrs  Rev — Nov., 
07.     2400  w.     20c. 

Steam  Heating. 

Air  Valves  for  Steam  Heating  Systems. 
W.  H.  Wakeman.  Dom  Engg — Nov.  9,  07. 
6  figs.     2200  w.     20c. 

VentilaUon. 

Window  Leakage  and  its  Effect  on  the 
Amount  of  Radiation.  Burt  S.  Harrison. 
Htg  &  Vent  Mag — Nov.,  07.  5  figs.  3000 
w.     20c. 

HOISTING    AND    HANIUJING    MACHINERY. 

Coal  and  Anh  Handling. 

An  Unusual  Coal  and  Ash  Handling 
Equipment  for  a  Power  Station.  Eng  Rec — 
Nov.  9»  07.     2  figs.     2600  w.     20c. 

Coal  Convrj-or. 

Aerial  Wire  Ropeway  for  Conveying  Coal. 
Engg — Oct.  25»  07.     6  figs.     800  w.     40c 

Cost  of  Rlf^vating  MateHal« 

The    Power   Cost   of   Elevattnf   MitlttHftU 
Walter  B.  Snow.     Machy — Kov.  f.  •?*     ^•'^ 
Nov.  14.     B600  w,     NoVv  II.    ft^ft  W 
»0c. 


Mine  Hoisting. 

Report  of  the  Transvaal  Commission  on 
the  use  of  Winding  Ropes,  Safety  Catches 
and  Appliances  in  Mine  Shafts  (continued). 
Eng.  News — Nov.  7,  07.  1  fig.  9000  w. 
Nov.  14,  5600  w.  Nov.  21,  5000  w.  Each, 
20c. 

Oi*e  Handling. 

Ore  Handling  Plant  at  South  Bethlehem, 
Pa.  Ir  Age — Nov.  14,  07.  7  figs.  3500  w. 
20c.  Describes  the  car  dumper  and  other 
features  of  the  Bethlehem  Steel  Co.'s  Sys- 
tem. 

HYDRAULIC    POWER    PLANTS. 

Centrifugal  Pumps. 

Centrifugal  Pumps.  E.  F.  Doty.  Engr — 
Nov.  1,  07.  8  figs.  3000  w.  States  a 
number  of  reasons  why  modern  designs  are 
more  efficient.  Nov.  15.  1800  w.  Dis- 
cusses causes  of  lost  energy  and  life.  Each, 
20c. 

Notes  on  Centrifugal  Pumps. — I.  Mech 
Wld — Oct.  25,  07.     4  figs.     2300  w.     20c. 

Efficiency   Test   of  Pumping  Plant. 

Efficiency  Test  of  an  Electric  Pumping 
Plant.  Hal.  M.  HalU  J.  Grant  de  Remer,  H. 
E.  Sherman,  Jr.  Jl  of  El«  P  &  Gas — Nov. 
16,  07.     5  figs.     2500  w.     20c. 

Governing  of  Pelton  Wheels. 

The  Governing  of  Pelton  Water  Wheels. 
Herbert  Aughtie.  Mech  Engr — Nov.  9,  07. 
2  figs.     1500  w.     40c 

Hydro-Electric  Plants. 

Hydro-Electric  Station  of  Pataras,  on  the 
Loup  River,  France.  A.  de  Courcy.  W. 
Elecn — Nov.  9,  07.     2  figs.     2000  w.     20c 

Hydro-Electric  Generating  Station  on  the 
Waipori  River  in  New  Zealand.  Elec  Wld — 
Nov.  23,  07.     7  figs.     6800  w.     20c, 

The  Necaxa,  Mexico,  Power  Works.  Engr 
(Lond) — Nov.  8,  07.  10  figs.  3900  w.  40c. 
I. — The  Dams  and  Channels. 

The  Hydro-Electric  Development  in  the 
St.  Mary's  River  at  Sault  Ste  Marie,  Mich. 
Eng  Rec — Nov.  2,  07.  10  figs.  4600  w. 
20c 

Miner^s  Inch. 

Calibrations  of  Various  Miner's  Inch 
Openings.  Kent  A.  Hawley.  Jl  Elec  Pow  ft 
Gas — Nov.  2,  07.     2  figs.     2900  w.     20c. 

Soolh  American  WatorfallA. 

Water  Possibilities  in  South  America. 
Lewis  R,  Freeman-  Power — ^Nov.,  07.  7 
figs.  4200  w.  60c  Describes  numerous 
waterfalls  which  make  the  country  ideal 
for  projects  for  electrical  generation,  of 
whi<^  several  are  now  under  way. 


•wwr  Ftom  Tides.     William  O.  Webber. 
"^T.  1,  07.     3  figs.     1000  w.     20c 
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Ih?  Scientific  American 

prompily  chronicles  every  item  o(  news  concerning 

The    Industrial   Development   of    the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infof' 
maiion  it  contains  inat  cannot  be  found  elsewhere  regarding  Scieniific, 
MechanicAl  and  Engineering  Progress.  Ii  is  a  favorite  in  the  Home  because 
its  r>eNvs  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American 
is  a  disimclively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.    Subscription  price,  J3  per  year  to  any  address  in  the  United  States 


OUR  OFFER 


Valuable  Books  FREE  to  New  Subscribers 

SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A  Russell  Bond.  l2mo.  516  pages.  "Is  a  veniabte  gold 
mine  of  knowledge  on  almost  every  conceivable  subject  under  ihe  sun." 
—  PittihuT[h   Pail. 

SCIENTIFIC    AMERICAN    BOY,     by    A. 

Russdl  Bond.  i2mo,  320  pages.  "Thebookisa 
volume  of  practical  directions  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  aU  kmds 
of  sport."— .Wit    Ycrk  Timei. 

HOME  MECHANICS  FOR  AMATEURS. 

by  George  M,  Hopkins.  l2nio.  370  pages.  "The 
book  may  be  commer^d  for  its  pracbcability  artd 
SuggesiiveneiS."  — .Viif  Yark  Triiuitt. 

The  books  are  beautifully  ar>d  substantially  bour>d 
in  ck>ih.  and  cannot  be  purchased  al  bookstores  for 
lets  than  }l.50  each. 


Janutry  1, 
Rfid  you  uiy  on*  of  tf 
boota  ibMtkMir  frM  *nd 
tito  Mnd  you  tm  naatn- 

SMWM  of  tfM  "ScMn- 
AfiMrkan"  fer  tm 
ytf  1*07  ham  tm  itaiM 
foi»     ordar     <•    fecjiv^ 


Ad<ir«u  MUNN  &  COMPANY,  No.  353  Bmdwmr,  New  York 
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INTERNAIi^OMBUSTION  ENGINES. 

Gas  and  Gasoline  Engines. 

A  Fan  Fly-wheel  for  Gasoline  Engines. 
E.  J.  Bartlett.  Am  Mach — Nov.  21,  07.  3 
figs.     1200  w.     20c. 

A  Study  of  the  Heat-Losses  in  a  Gasoline 
Engine.     Arthur  J.  Wood.  Stevens  Inst    Ind 
— Oct.,  07.     2  figs.     4200  w.     80c. 

On  the  Indicated  Power  and  Mechanical 
Efficiency  of  the  Gas  Engine.  Bertram  Hop- 
kinson.  Engg — Oct.  25.  07.  7  figs.  8000  w. 
Paper  read  before  the  Inptitute  of  Mechani- 
cal Engineers,  Oct.  18,  07 

Gas-Power  Plants. 

A  Buenos  Aires  Power  Plant.  J.  P. 
Stone.  Gas  Engine — Oct.,  07.  4  figs.  3500 
w.  20c.  Describes  a  large  producer  in- 
stallation used  in  railway  shops. 

A  Diesel  Engine  Power  Station.  J.  B. 
Van  Brussel.  Jl  El  P  &  Gas — Nov.  2,  07. 
3  figs.  2200  w.  20c.  Describes  a  500-HP. 
storage  battery  plant  at  Friedenau,  near 
Berlin. 

Ignition. 

Concerning  the  Progress  of  Ignition. 
Charles  B.  Hay  ward.  Automobile — Nov.  21, 
07.  18  figs.  3600  w.  20c.  Describes  a 
number  of  new  igniters. 

Producer  Gas. 

Test  of  a  Producer  Gas  Plant.  J.  H.  Alex- 
ander. Engr — Nov.  1,  07.  3000  w.  20c. 
Gives  efiticiencies  of  a  200-HP.  plant,  first 
cost  and  cost  of  operation. 

MACHINE    PARTS. 


Ball  and  Roller  Bearings. 

Ball  Bearings  (continued). 
Oct.  28,  07.     9  figs.     1200  w. 
figs.     1400  w.     Each.  20c. 


Mech  Wld — 
Nov.  15.     8 


Ball  Bearings  in  a  Marble  Plant.  Charles 
Gullet.  Am  Mach — Nov.  7,  07.  5  figs. 
4500  w.  20c.  Describes  the  use  of  ball 
bearings  in  marble  machinery  in  spite  of 
dust  and  unskilled  attendance. 

Progress  with  Ball  and  Roller  Bearings. 
S.  F.  Eveland  and  Henry  Hess.  Am  Mach — 
Nov.  7,  07.  2700  w.  20c.  States  what  has 
been  learned  and  done  in  substituting  roll- 
ing for  sliding  friction,  and  in  increasing  the 
loads  carried. 


Bearings. 

Hot    Bearings. 
Nov.,  07.     11  figs. 


E.    Kistinger. 
2000  w.     40c. 


Machy — 


Improved  Forms  of  Machine  Parts.  C. 
Volk.  Z  V  D  I — Nov.  9.  07.  48  figs.  2500 
w.  60c.  Describes  new  forms  of  bearings, 
hangers,  loose  pulleys  and  shaft  couplings. 

Largest     Anti-Friction      Thrust     Bearing 
Ever  Made.     Am  Mach — Nov.  7,  07.     6  figs. 
3900    w.      40c.      Describes   the  de8ign»  ooa<» 
struction  and  test  of  a  roller  thrust  betfta 
carrying  a  load  of  150,000  lbs. 


Chain  Drive. 

What  Has  Been  Done  in  Chain  Driving. 
F.  L.  Morse.  Am  Mach — Nov.  7,  07.  1 
fig.     2000  w.     20c. 

Crane   Hooks. 

Notes  on  Boat  and  Anchor  Cranes. — II. 
Inter  Mar  Engg — Dec,  07.  5  figs.  700  w. 
40c. 

Friction  Clutches. 

Friction  Clutches  vs.  Tight  and  Lioose  Pul- 
leys. Engr — Nov.  1,  07.  2  figs.  600  w. 
20c. 

Gearing. 

Driving  Mechanism  for  Machine  Tools.  T. 
M.  Lowthian.  Am  Mach — Nov.  14,  07.  5 
figs.     1000  w.     20c. 

The  Yieldable  Gear.  Ir  Age — Nov.  7,  07. 
2  figs.     500  w.     20c. 

Shafts. 

Empirical  Formulas  for  Gas  Engine 
Shafts.  Am  Mach — Nov.  14,  07.  700  w. 
20c. 

Speed-Changing  Mechanism. 

A  new  Grearless  Change-Speed  Mechanism. 
Ernest  Coler.  Automobile — Nov.  14,  07.  4 
figs.     1100  w.     20c. 

Stay  Bolts. 

Safe  Loads  on  Staybolts.  George  P. 
Pearce.     Engr — Nov.  15,  07.     500  w.     20c. 

MATERIALS. 

Alloy  Steels. 

Some  Micro-Structural  Considerations. 
John  Magee  Ellsworth  and  Thomas  J.  Fay. 
Automobile — Oct.  17,  07.  2  figs.  4300  w. 
20c.  Extract  from  paper  read  before  So- 
ciety of  Automobile  Engineers,  Buffalo, 
July,  1907.  Discusses  the  micrography  of 
a  number  of  alloy  steels  used  in  automobile 
construction. 

Lubricants. 

Lubricating  Oil  Specifications.  Ry  &  Eng 
Rev — Nov.  2.  07.  1000  w.  20c.  Gives  spe- 
cifications adopted  by  the  Bureau  of  Steam 
Engineering  of  the  Navy  Department. 

Steel  for  Boilers. 

Steel  Used  In  Boilers.  Am  Mach — ^Nov. 
14,  07.  2  figs.  2200  w.  20c  Abstracts 
from  addresses  at  the  American  Boiler 
Makers'  Association,  nineteenth  annual  con- 
vention. 

Testing  Machines. 

An  Instrument  for  Testing  Hardness. 
Albert  F.  Shore.  Am  Mach — Nov.  14,  07. 
5  figs.  4300  w.  20c  Describes  the  sclero- 
scope,  an  instrument  that  establishes  a  scale 
for  hardness  and  determines  the  relative 
and  quantitatlTe  hardness  of  all  metals. 

*4udilm«  and  Methods  for  Testing 
qfl.    Bsr.  d  Meo— Oct,  07. 
|L80. 


TECHNICAL   LITERATURE 


GnadianMachinery 

^■fi  MANWACTURING  NLW5-^ 
^Circulates   in    every   province    of   the    Dominion. 
fl  Read    by  Proprietors,  Managers,  Superintendents,   Foremen 
and  Engineers  of  Manufacturing  and  other  Industrial  Estab- 
lishments, 

— men  who  must  be  consulted  when  macliincry.  powercquipmcnt 
and  supplies,  and  foundry-  e<|iiipmenl  are  to  t>c  iKtughi. 

^  Is  the  most  influential  and  widely  read    industrial    paper   of 

Canada. 
flTo  have  your  campaign  cover  this  important  market,  include 

CANADIAN  MACHINERY 

Post  card  will  bring  sample  copy  and  rales. 

THE    MacLEAN    PUBLISHING  COMPANY,   Limited 


YOUR    OPPORTUNITY 

mAv  be  amotiK  the  thousands  of  hieh  grade  positions  now  open  al  our  12  offices. 
Don't  misa  your  opponunily.  Thousands  of  men  who  have  secured  positions 
thrauirh  Hapeoods  know  that  it  pays  to  insure  aeainst  less  of  opportunity.  Why 
lUm'tjmi  get  in  line  for  advancement  ? 

IF  YOU  KNEW 

that  a  letter  of  inquiry  would  bring  you  infonnation  worth  Immlreds  of  dollars, 
would  you  hesitate  to  ask  for  paniculars  ?  Our  l)ooklet  tells  how  we  find  richt  places 
for  right  men.  It  will  tell  you  how  to  secure  a  position  paying  a  larger  salary  than 
your  present  one.  Among  the  positions  for  which  we  need  men  are  the  following  : 
Advertising  Manager.  $2,500  ;  Sales  Manager,  S4.<x»;  General  Manager,  $5,000: 
Ad.  Writer,  $1,300:  Auditor,  $3,500;  Engineer,  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publication,  mailed  free,  if  you  write  to-day 
stating  age  and  experience. 

HAPGOODS 

The  National  Organization  of  Brain  Brokers 
305  BROADWAY  NEW  YORK 
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MECHANICS. 

Deflection   of   Beam   of  Non-Uniform   Section. 

The  Deflection  of  a  Beam  of  a  Non-Uni- 
form Section.  Eng  News — Nov.  14,  07.  4 
figs.  4500  w.  20c.  Gives  a  number  of  so- 
lutions presented  by  correspondents. 

Principles. 

The  Ti:ue  Principles  of  Mechanics.  Sidney 
A.  Reeve.  Engr — Oct.  25,  07.  2300  w. 
40c.  Points  out  that  the  ordinary  formulas 
for  the  fundamental  mechanical  principles 
are  erroneous  approximations. 

3I£TAIi  WORKING. 

Armor  Plate  Vault. 

A  Record-Breaking  Armor-Plate  Vault. 
Machy — Nov.,  07.  7  figs.  2100  w.  40c. 
Gives  details  of  a  vault  for  the  Carnegie 
Safe  Deposit  Co. 

Brazing. 

The  Brazing  and  Reinforced  Brazing  of 
Metals.  Am  Mach — Nov.  7,  07.  14  figs. 
3900  w.  20c.  Describes  examples  with  and 
without  reinforcement  for  permanent  repairs 
on  parts  of  different  sizes  and  metals  also 
for  new  work. 

Chuck. 

Machining  a  Chuck  Body.  G.  H.  Gibbs. 
Mech  Wld — Nov.  8,  07.  18  figs.  3500 
w.      20c. 

File  Making. 

Recent  Improvements  in  File  Making.  Ry 
&  Engg  Rev — Nov.  2,  07.  2  figs.  1200 
w.      20c. 

Galvanizing. 

Old  and  New  Methods  of  Galvanizing.  Al- 
fred Sang.  Proc  Engrs  Soc  of  W  Penn — 
Nov.,  07.  6200  w.  80c.  From  a  paper  read 
before  the  Am.  Chem.  Society  and  the 
Engrs.'  Society  of  W.  Penn.,  Oct.  17,  07. 

Grinding. 

Economies  and  Advantages  of  Grinding. 
H.  Darby  shire.  Am  Mach — Oct.  24,  07.  8 
figs.  3700  w.  20c.  Describes  the  selec- 
tion of  proper  wheels,  keeping  them  in  good 
condition  and  using  them  at  the  right  pres- 
sure and  speed. 

Some  Grinding  Problems.  H.  Darbyshlre. 
Engg — Nov.   15,  07.     8  figs.     6800  w.     40c. 

High-Speed  Steel  Tools. 

Actual    Results    with    High-Speed     Steel. 
Fred    H.    Colvin.      Am    Mach — Nov.    7,    07. 
2500   w.      20c.     Gives  information  obtained 
from  many  of  the  shops  using  this  steel. 
Jigs. 

Locating  and  Boring  Holes  in  Drill  Jigs. 
— I.  C.  L.  Goodrich.  Am  Mach — Nov.  21, 
07.  11  figs.  4900  w.  20c.  Discusses  the 
lay-out  of  jigs  and  the  location  of  holes  by 
buttons,  micrometers  and  verniers  for  bor- 
ing on  the  lathe  and  miller. 

Lapping. 

Lapping  Flat  Work   and   Gage  Jaws.     T 

E.  Shallor.  Machy — Nov.,  07.     8  figs.     2J* 
w.     40c. 


Lathe  and  Planer  Tools. 

Standard  Shapes  for  Cutting  Tools.  Wm. 
H.  Taylor.  Am  Mach — Nov.  7.  07.  31  figs. 
5500  w.  Nov.  14.  34  figs.  8500  w.  Nov. 
21.  16  figs.  6200  w.  Each,  20c  Gives 
detailed  instructions  for  forging  and  grind- 
ing tools  according  to  F.  W.  Taylor's  stan- 
dard  shapes  and   sizes. 

Power  for  Machine  Tools. 

Horse-Power  Values  •  for  Machine  Tools. 
L.  P.  Alford.  Am  Mach — Nov.  14,  07.  6 
figs.  1500  w.  20c.  Discusses  the  percent- 
ages of  friction  loads  for  machine-tool  de- 
partments and  losses  by  electrical  driving, 
and  gives  department  power  curves. 

Reamers. 

Reamers.  Erik  Oberg.  Machy — Nov.,  07. 
6  figs.     4200  w.     40c.  IV. — Taper  Reamers. 

Spiral  Gear  Cutting. 

Compound  Indexing  for  Cutting  Spiral 
Gears.  Clinton  Alvord.  Am  Mach — Nov. 
14,  07.     1  fig.     600  w.     20c. 

Swaging. 

A  New  Method  of  Shaping  Metals.  Am 
Mach — Nov.  7,  07.  8  figs.  2500  w.  20c. 
Describes  a  process  of  roll  and  hammer 
swaging  which  produces  rapid  and  accurate 
work  without  the  loss  of  material. 

Tank  Layout. 

Laying  Out  the  Sheets  of  a  Large  Tank. 
Eng  News — 2  figs.     1200  w.     20c. 

Wire-Drawing  Machines. 

Modern  Practice  in  Wire  Drawing  Ma- 
chines.— II.  Engg — Nov.  1,  07.  24  figs. 
3500  w.     40c. 

KEFRIGERATION. 
Cooling  Rooms. 

Cooling  Public  Rooms  in  a  Chicago  Hotel. 
Ice  &  Refrlg — Oct.,  07.  4  figs.  4100  w. 
40c.  Gives  a  detailed  description  of  air- 
cooling  and  ventilating  plant  for  the  Pom- 
peian  Room  and  banqueting  hall  in  the  Au- 
ditorium Annex  at  Chicago,  having  an  auto- 
matic regulation  of  air  supply,  the  tempera- 
ture in  open  rooms  being  reduced  14**  below 
that  of  outer  air. 

Cold  Storage. 

The  Mechanical  Equipment  of  the  North 
American  Cold-Storage  Building,  Chicago. 
Eng  Rec — Nov.  16,  07.  3  figs.  3300  w. 
20c. 

Ice  Manufacture. 

Compression  Plants  Using  Ammonia 
as  the  Refrigerant.  Thomas  Shipley.  Old 
Stor  &  Ice  Tr  Jl — ^Nov.,  07.  3800  w.  40c 
Paper  read  at  the  National  meeting  of  loe 
Producers,  Jamestown,  Oct.  28,  07. 

Lurime   Up   '^    Ice    Plant.     WilUam    S. 
.jH  •  —Not.  1,  07.  8  figs.  4100 

^%  ofiffiiauHng  of  ma* 
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tW  In  irimngiikr  iliape  pretenu  eDtanitliiig 
mnil  givn  lbr««  times  ihe  capacilj  of  ajly  ulher 
Clip  fur  altachiDS  papers  to)iellier. 


The  Lateat ! 


Brai*  Of  SImI.  Send   lOc.  (or   Bon  of   100. 

Clipper  Manufacturing  Company 

403  We«t  124th  Street,  New  York,  U.S.A.  The  MOGUL  CLIP, 


TO  BOOK  BUYERS 


WC  have  just  issued  a  new   i  i2-pae%  catalogs  of  re- 
cently pultlished  Scientific  and  Mechanical    Hooks, 
which   wc  will  mail  (rcc  to  any  address  on  application. 

MUNN  &  COMPANY 

P^t'lithert  of  SCIENTIFIC  A.VtFlCAX 

353  BROADWAY  NEW  YORK 


A  Serial  Sequel  to 
Gillette's 


Cost  Data" 


I 


Those  of  the  lo.ooo  purchasers  of  (iillctic's  "Hand  Book  of  Cost  Data" 
who  have  not  alrea<ly  subscritted  for  "  /itigin/rriuji-CaHtrafting"  will  do  well  to 
send  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 
"  Kngimfffin/i-Conlratlinji  "  really  form  a  serial  sequel  to  Gillette's  "  Cost  Data." 
Those  who  have  not  already  purchased  Gillette's  "Cost  Data"  (6oo  pages  of 
cost!!  for  $4)  will  also  do  well  to  send  for  sample  copie»  of  "  /•nginfi'iftji- 
ConlraftiMx."  for  they  will  leani  what  Gillette's  *'  Cost  Data  "  is  like.  Mr.  (iillcltc 
has  recently  completed  his  appraisal  of  all  the  railways  in  the  State  of  \Va«hini^on 
— property  worth  a  quarter  iif  a  billion  dollars — and  now.  as  manaeinc  editor  of 
'  F.Hgi tiff  ring 'Ci^nt  railing ,"  he  is  wriline  a  scries  of  articles  covcrinc  the  i-ost  of 
every  item  of  railway  construction.  .Mr.  Daniel  J,  Hauer,  as  editor  of  the  Earth 
and  Rock  Section  of  "  EagiHerriitg-CmtlrtuliHg,"  is  givine  new  and  valuable 
matter  on  economic  methods  of  excavation  and  ilemiied  costs.  The  paper  can 
best  be  judceil  by  sample  copies,  which  we  will  eladly  send.  Since  *'  Eiteinecnng 
World  '  was  punrhased  and  absorbed  by  "  /ingitifrriHg-i'tiHlratliax."  the  Mibscrip- 
lion  rate  has  l>een  $^  a  year  (52  isstte«),  but  for  the  next  few  weeks  a  year's 
subscription  may  be  had  fur  Si:  Canadian  subscription.  St.    Send  for  sample  copies. 
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The  Manufacture  of  Plate  Ice.  Karl 
Wegemann.  Cld  Stor  &  Ice  Tr  Jl — Nov.,  07. 
2100  w.  40c.  Papef  read  before  the  East- 
ern Ice  Assn.,  Philadelphia,  Nov.  8,  07. 

The  Vacuum  Ice  Machine.  John  Patten. 
Cld  Stor  &  Ice  Tr  Jl — Nov.,  07.  1  fig.  4200 
w.  40  c.  Paper  read  before  the  Eastern  Ice 
Assn.,  Philadelphia,  Nov.  8,  07. 

Refrigeration. 

Pipe  Line  Refrigeration.  R.  H.  Talt. 
Cld  Stor  &  Ice  Tr  Jl — Nov.  07.  2000  w.  40c 
Paper  read  at  the  National  meeting  of  Ice 
Producers.,  Jamestown,  Oct.  28,  07. 

Refrigeration. — I.  Sydney  F.  Walker. 
Mech  Wld — Nov.  15,  07.  4  figs.  3000  w. 
20c. 

SHOPS  AND  BUHiDINGS. 
Jig  and  Tool  Department. 

The  Organization  of  a  Jig  and  Tool  De- 
partment. John  Younger.  Engg — Oct.  25, 
07.     1  fig.     1400  w.     40c. 

Machine  Shop. 

The  Machine  Shop;  Its  Place  In  the  Plant. 
Oscar  E.  Perrigo.  Iron  Tr  Rev — Nov.  7,  07. 
7  figs.     3600  w.     20c. 

Pattern  Shop. 

Location  of  the  Pattern  Shop.  Oscar  E. 
Perrigo.  Fdry — Nov.,  07.  5  figs.  2900  w. 
20c.  First  of  a  series  of  articles  relating  to 
the  operation  and  management  of  the  pat- 
tern shop. 

STEAM  POWER  PLANTS. 


Boiler  Blow-Off. 

Boiler  Blow-Oft  Connections. 
Strohm.  El  Wld — Nov.  2,  07. 
2500  w.     20c. 


R.      T. 
11    figs. 


Cooling  Towers. 

Cooling  Towers.  B.  Franklin  Hart,  Jr. 
Cld  Stor  &  Ice  Tr  Jl — Nov..  07.  2600  w. 
40c.  Paper  read  before  the  Eastern  Ice 
Assn.,  Philadelphia,  Nov.  8,  07. 

Energy  Diagram  for  Steam. 

A  New  Energy  Diagram  for  Steam.  Henry 
F.  Schmidt.  El  Ry  Rev — Oct.  19,  07.  1 
fig.  2700  w.  20c.  Gives  explanation  of  a 
novel  and  effective  diagram  of  wide  ap- 
plication in  the  solution  of  heat  problems. 


Engine  Failures. 

Engine  Failures.  J.  F.  Whiteford.  Am 
Engr  &  R  R  Jl — Nov.,  07.     2600  w.     40c 

Governor. 

The  Deflection  of  Rotary  Helical  (Gover- 
nor) Springs  Due  to  Centrifugal  Force.  J. 
Luttmans.  Z  V  D  I — Nov.  9.  07.  1  flg. 
3000  w.     60c. 

Heat  Radiation. 

The  Practical  Engineering  Importance  of 
Stefan  and  Boltzmann's  Radiation  Law, 
Engg — Nov.  1,  07.     1100  w.     40c. 

Reversing  Apparatus  for  Rolling  Mill  Engine. 

Steam  Reversing  Apparatus  for  a  Twelve 
Thousand  Horse-power  Rolling-mill  Engine. 
Am  Mach — Nov.  14,  07.     1  fig.     600  w.  20c 

Power  Plants. 

Power  Plant  of  the  Pittsburg  &  Butler 
Street  Railway  Company.  H.  C.  Reagan. 
Engr — Nov.  1,  07.  6  figs.  4600  w.  20c 
Describes  a  turbine  plant  and  a  single-phase 
system  of  transmission. 

Remodeled  Station  of  the  Watertown 
Light  and  Power  Company.  El  Wld — ^Nov. 
2,  07.     7  figs.     2600  w.     20c. 

South  Metropolitan  (London)  Power  Sta- 
tion. Albert  H.  Bridge.  El  Rev — Nov.  0, 
07.     7  figs.     2500  w.     20c. 

Steam-Driven  Transmission  Stations  of 
the  Societa  Lombara,  of  Milan,  Italy.  Elec 
Wld — Nov.  9,  07.     4  figs.     3000  w.     20c 

The  Hochelaga  Power  Station  of  the  Mon- 
treal Street  Railway  Company.  St  Ry  Jl — 
Nov.  9,  07.     13  figs.     4200  w.     20c. 

Steam  Turbines. 

Steam  Turbine  Construction.  I.  T.  Frank- 
lin. Mech  Wld — Nov.  1,  07.  7  figs.  2400 
w.     20c. 

The  Development  of  Turbines  Operating 
Exhaust  Steam.  A.  Rateau.  Rev  d  Mec — 
Oct.,   07.      27  figs.      $1.80. 

The  Sturtevant  Steam  Turbine.  Eng 
News — Oct.  31,  07.  5  figs.  2300  w.  20c 
Describes  a  novel  design  for  use  in  driving 
small  generators,  high-speed  pumps  and 
blowers. 


METALLURGY 


COKE. 

A  Battery  of  Belgian  Type  Coke  Ovens. 
Ir  Tr  Rev — Nov.  14,  07.  13  figs.  3300 
w.  20c.  Describes  a  new  departure  in  coke 
making  in  the  Connellsville  field. 

Coke  Drawing  Machines  and  Other  Ma- 
chinery for  Use  at  the  Ovens  in  the  Manu- 
facture of  Coke.  Walter  W.  Macfarren. 
Proc  Engrs  Soc  of  W  Penn — Nov.,  07.  27 
figs.  16,500  w.  80c.  Paper  read  before 
Engineers*  Society  of  Western  FeimsflY^ 
Oct.  1,  07. 


COPPER. 

Electrolytic  Refining. 

Metallurgical  Calculations.  Jos.  W. 
Richards.  Electrochem  &  Met  Ind — Nov., 
07.  6400  w.  40c.  IV.  Electrolytic  refining 
of  impure  copper. 

Smelting. 

Copper  Smelting  in    Utah.      Robert    B. 

n«4n«r»»Mia.    Kines   &    Min — Nov.,    07.      6 

'  w.    40e.    Describes  the  practice 

iiUKdidated»  the  Bingham  Con- 

^  Tampa  smelters. 
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Furnace-Charging.  G.  F.  Beardsley.  Mln 
&  Sc  Pr — Nov.  9,  07.     1500  w.     20c. 

The  Steptoe  Valley  Mill  and  Smelter. 
Walter  Ingalls.  Eng  &  Min  Jl — Nov.  2,  07. 
6  figs.  4400  w.  20c.  Describes  a  concen- 
trating mill  of  4000  tons  daily  capacity  and 
a  1000-ton  smelter,  with  McDougall  roasters 
and  three  reverberatories. 

GOLD. 

Cyaniding. 

The  Cyanide  Process  at  the  Portland 
(Colo.)  Mill.  Regis  Chauvenet.  Min  Rep — 
Oct.  31,  07.     3500  w.     20c. 

IRON  AND  STEEL. 


Min   Jl— 


Electric  Furnace. 

The   Hiorth   Electric  Furnace. 
Oct.    26,    07.      1800    w.      40c. 

Pig  Iron,  Metallography  of. 

The  Metallography  of  Pig  Iron.  E.  Heyn 
and  O.  Bauer.  Stahl  u  Eisen — Oct.  30,  07. 
27  figs.  4600  w.  Nov.  6,  07.  6  figs.  3500 
w.      Each,    60c. 

Steel  Manufacture. 

Mechanical  Contrivances  for  Use  in  Steel 
Works.  I.  Fr  Frolich.  Z  V  D  I — Nov.  2.  07. 
38  figs.  6000  w.  60c.  Describes  cars  for 
the  transportation  of  molten  metal  from 
converters. 

The  Duplex  Steel  Making  Process.  B.  C. 
Lauth,  Ir  Age — Nov.  21,  07.  2  figs.  2400 
w.  20c.  Discusses  a  proposed  arrangement 
of  plant  for  making  Bessemer  and  open- 
hearth  rails. 

The  Lash  Steel  Process  and  The  Electric 
Furnace.  Elect rochem  &  Met  Ind — Nov., 
07.      1600    w.      40c. 

Ste^l  Mill. 

New  Saucon  Plant  of  Bethlehem  Steel  Co. 
Ir  Tr  Rev— Nov.  7,  07.  13  figs.  5400 
w.  20c,  Gives  details  of  the  new  28-lnch 
rail  mill,  structural  mill,  and  beam  mill. 


Steel  Rails. 

Steel  Rails.  Franklin  E.  Abbott.  Ry  & 
Eng  Rev — Nov.  16,  07.  10,000  w.  20c 
Extract  from  a  paper  describing  the  manu- 
facture of  Bessemer  rails,  presented  at  a 
meeting  of  the  Central  Railway  Club,  Buf- 
falo, N.  Y..  Nov.  8,  07. 

Steel  Rails,  Their  Mechanical  Treatment, 
Past  and  Present.  S.  T.  Fiero.  Ind  Wld — 
Nov.  11,  07.     1  fig.     5500  w.     20c. 

SILVER. 

Smelter  Analysis. 

"Silica"  and  "Insoluble"  in  Smelter  An- 
alysis. E.  Kneeland.  Eng  &  Min  Jl — Nov.  2, 
07.     500  w.     20c. 

ZINC. 

Electrom^allurgy. 

Application  of  Electricity  to  Smelting 
Zinc.  Frederick  T.  Snyder.  Min  Wld — Nov. 
9,  07.      2000  w.      20c. 

The  Electrolytic  Precipitation  of  Metallic 
Zinc  by  Electrolysis  of  Sulphate  of  Zinc  So- 
lutions. Siemens  &  Halske.  Min  Jl — Oct. 
26,  07.     500  w.     40c. 

The  Electrometallurgy  of  Zinc.  Gustav 
Gin.  Elec  Rev — Nov.  2,  07.  2300  w.  20c. 
Abstract  of  a  paper  read  before  the  Ameri- 
can Electrochemical  Society,  New  York,  Oct. 
18,  07. 

Milling. 

Improvements  in  Milling  Missouri  Zinc 
Ores.  W.  E.  Ford.  Eng  &  Min  Jl — Nov.  9. 
07.  4000  w.  20c.  Discusses  whether  or 
not  it  would  pay  to  treat  further  the  min- 
eral discarded  in  the  tailings. 

Sludge-Mill  Practice  in  the  Missouri-Kan- 
sas   District.  Otto    Ruhl.      Min    Rep — Nov. 
7,  07.     4  figs.  2600  w.     20c. 
Smelting. 

History  of  Smelting  in  the  Joplin  District. 
Doss  Brittain.  Eng  &  Min  Jl — Nov.  9.  07. 
S  figs,     S300  w.     20c. 


MINING 


Asbest<>s. 

AslH^stos  Mining  &  Milling  in  Quebec — 
IL  Ralph  Stokes.  Min  Wld — Nov.  2,  07. 
5  figs.     3^00  w.     20c. 

Cadniinnu 

Cadmium.  Paul  Speier.  Min  Jl — Nov.  $, 
OT.  :noo  w.  40o,  Discusses  its  occurrence 
and  iiuluMrial  uses, 

Ooal. 

A  Mo.iorn  Koti^i]  C^vil  Pookot.  Charles 
,1.  Stoffoiis.  Kng  UiN?  No\.  2.  07.  2  figs. 
4<>00   w.      20O. 

Coal  >iining  in  Southern  West  Yii^inia. 
Floya  W.   Parsor.s      Knc  ^   Min  Jl — ^Nov,  l^, 

yieMing  steam  Cl^al  ol  sui>enor  qunUtT. 


Gilsonite  and  Coal  in  Uinta  County.  Utah. 
Eng  &  Min  Jl — Nov.  16.  07.  2  figs.  1400 
w.     20c. 

The  Coal  Mining  Situation  in  Northern 
Wvoming.  Floyd  W.  Parsons.  Eng  &  Min 
Jl — xov.   16,  07.      5  figs,      4700  w.      20c. 

The  Uses  of  Concrete  About  an  Anthracite 
Colliery,  Cone  Engg — Nov.,  07.  3  figs. 
15^00  w.  2<ic,  Discusses  boiler  house  con- 
struction and  mine  shaft  concreting. 

Copper, 

Copper  in  Chloride  Solutions.  Gusiaves 
Femekes.     Min  ib  Sc  Pr — Nov.  9.  07.     1900 

Bl««triciftl    Eqvipmeiit    at    the    Mansfield 

H.  R.  Speyer.     El  Engg — 
It  tcs.    S400  w.     40c 


TECHNICAL  UTER.\TURE 


Architectural  Books 


Stwiata'  k  Dnftnwfl'i  Libnry  Onb 

■••4  far  ClHk  CaUloaa*  uid  l*m»,  to  obtiln  ■ 


MiscdUaneous  Books 


AND  TECHNICAL  SOCIETIES. 


Dmpartmant  for  Job  Binding 


'  SwitckmM   and    Turnout*  ' 


Far  Kl«  Or  3.   O    Wllllami. 
r  IVilrlKtaalo  IniuititE.  WorcuUi.  Uu*. 


Civil  Engineers 


Robert  McF.  Dobte. 


H.  F.  Dunham, 

CeuulUnt  CItU  EntlBMr. 
tdoi  DMaaM  Tilcphod*.   "4100  ConUadL" 

130  Bra>a**r  (SL  F*ul  Bl<]>  I.  NEW  YORK. 


P*imr  MoHor,  C.E., 


Bn^sa  OhIso  ood   StHi   Coulive(l«B«. 
C«lcul*tlaai. 
K  Pw»  PU«.  R    30.  NKW  rOBK  C 


i4l«Mni/cr  Potter,  C.  £., 


Mrdnallr  Rnclnnr  and  SanliirT   Kiixrl. 

lU  L)b*rt7  Rlnet.   N8W  TOKK  CITT. 

Saan-M*  and  Inu*  DtaiHMaL 


~  -  T  aiS  Bli 
rUMtteai   M   ■■Mini 


It*— Bipart  TMUmsnr— PUW 


C.  £..  Simhina 


]<X)  Pamh  SI.  BATTUB  CREISK,  MICH. 


C.  A.  /».  rarn«r 


S..  CoDaultlni  EniliiMr. 


Mfl-8I«   Pbocnli    BI4«..    MIS'.VKAPOUS.    MtNN. 


W,  W.  Yotrng, 

CoaauUtiii  EsvloMr. 


Paul  Bldg..  NEW  TORK. 


Concrete  Engineer 


Wm.  Doanm  Ham 


li  nid(.  NEW  VORR  CITT. 


Contractors 


TriK  .\hx(h.i>  (>»ii'.v\v 


Faytit*  Enginetring  A  Contracting  Co. , 

Ctrlt.    MlBlns    uid    CootncUia    SsctaaH^. 
Harhan    II.    Crasford. 
1,  C  MacklliiB. 
K     L     X*arl>r 
■;«ta]llia^    OaMtncUMi  of  C«^  »m*  OMn  Plua  Ui 
Ik*  DaTalopmant  ef  0*1  PropntlH. 

OMIONTOWN.    PA. 
BKMb  OIW*.    BKOWNtnUJL   r*. 


622 


TECHNICAL   LITERATURE 


The  Copper  Belt  of  California.  Herbert 
Lang.  Eng  &  Min  Jl — Nov.  16,  07.  2  figs. 
3500  w.  Nov.  23.  9  figs.  4500  w.  Each, 
20c.  Gives  details  of  the  interesting  cop- 
per-bearing formation  on  western  flank  of 
the  Sierra  Nevada  Range. 

The  Union  Copper  Mines  of  North  Caro- 
lina. Francis  C.  Nicholas.  Min  Wld — Sept. 
26,  07.     2600  w.     20c. 

Gas  Power  in  Mines. 

Gas  Power  as  a  Factor  in  Mine  Econom- 
ics. Archibald  Burnett.  Eng  &  Min  Jl — 
Nov.    16.   07.   3   figs.      2900   w.      20c. 

Gold. 

Dredging  Beach  Gravel  Deposits  Near 
Nome.  John  P.  Hutchins.  Engg  &  Min  Jl 
— Nov.  23,  07.     8  figs.     6000  w.     20c. 

The  Black  Sands  of  the  Pacific  Coast. — I. 
David  T.  Day.  Min  Wld — Nov.  16,  07.  1700 
w.     20c. 

Handling  Ore. 

Arrangement  for  Dumping  Buckets.  H. 
N.  Herrick.  Min  &  Sc  Pr — Oct.  26,  07.  1 
fig.     600  w.     20c 

Hoisting  at  the  Yellow  Dog  Mine,  Near 
Webb  City,  Mo.  Doss  Brlttain.  Eng  &  Min 
Jl — Nov.  16,  07.     2  figs.     1200  w.     20c 

Lead. 

An  Electrically  Equipped  Lead  Mine. 
Henry  Flow.  Eng  News — Nov.  14,  07.  7 
figs.     3000  w.     20c. 

Mine  Gases. 

Mine  Gases  and  Methods  of  Preventing 
Explosions.  H.  E.  Gray.  Engg  &  Min  Jl — 
Oct.  26,  07.  4400  w.  20c.  Discusses  the 
various  gases  found  in  coal  mines,  together 
with  methods  of  identification  and  means 
for  preventing  accidents. 


Mine  Pumping. 

Electrical  Pumping  Installation  of  the 
Lindal  Moor  Mines,  England.  El  Wld — Nov. 
16,  07.     7  figs.     3500  w.     20c. 

The  Pumping  Machinery  Employed  in 
Mining.  Jos.  H.  Hart.  Min  Wld — Nov.  2, 
07.     2400  w.     20c. 

Mine  Surveying. 

A  Method  of  Mine  Surveying.  Can  Min  Jl 
— Nov.  15,  07.  2400  w.  40c.  Describes 
method  of  instrumental  work  and  preserv- 
ing of  notes. 

Mine  Timbers. 

Prolonging  the  Life  of  Mine  Timbers. 
John  M.  Nelson,  Jr.  Min  Rep— Nov.  7.  07. 
1  fig.     2000  w.     20c. 

Nickel. 

The  Occurrence  of  Nickel  in  Virginia. 
Thomas  Leonard  Watson.  Trans  Am  Ins 
Min  Engrs — Sept.,  07.  4  figs.  5000  w. 
$2.00.  Paper  read  at  the  Toronto  meeting, 
July,  1907. 

Ore  Crushing. 

Economy  of  Power  in  Crushing  Ore.  Er- 
nest A.  Hersam.  Min  &  Sc  Pr — Nov.  16,  07. 
9400  w.     20c 

The  Hardinge  Cenical  Mill.  H.  W.  Hard- 
inge.  Eng  &  Min  Jl — Nov.  16,  07.  1  fig. 
2200  w.  20c  Describes  a  new  form  of  peb- 
ble mill. 

Ventilation. 

An     Improved     System  for     Ventilating 

Mines.     George  M.  Capell.  Min  Wld — Nov. 

16,  07.     2  fligs.     2000  w.  20c. 

Zinc. 

Sheet-Ground  Mine  in  Southwest  Missouri. 
D.  T.  Boardman.  Eng  &  Min  Jl — Nov.  9, 
07.     4  figs.     4000  w.     20c 

The  New  Sheet  Ground  of  the  Joplin 
District.  Doss  Brlttain.  Min  Wld — Nov.  9. 
07.     6  figs.     9800  w.     20c 


MUNICIPAL 


REFUSE  DESTRUCTION. 

Waste^  Disposal  of. 

The  Disposal  of  Municipal  Waste.  W.  F. 
Morse.  Mun  Jl  &  Engr — Nov,  6,  07.  6000 
w.  40c  Continuation  discusses  the  calo- 
rific values  of  American  waste,  giving  ta- 
bles of  composition  and  coal  equivalents, 
and   heat  values  of   waste   materials. 

ROADS. 

Concrete  Pavenient. 

Methods  of  Constructing  Concrete  Pave- 
ment at  Windsor.  Ont..  with  Notes  on  Cost. 
Engg-Contr — Nov,   20,  07.     900  w,     20c 

Paving  Bricks. 

Requirements   and   Testa   (Or  QmUl^  o 
Paving  Bricks.    J.  W.  Howard.    Iten 
— Nov,,  07.     2000  w.     40c 


Street  Cleaning. 

Cleaning  Streets  by  Flushing.  Frank 
Aldrich.  Mun  Engg — Nov.,  07.  1300  w. 
40c  Abstract  of  paper  read  before  A.  S.  M. 
I.,  Detroit  meeting. 

Street  Cleaning  In  St.  Louis.  James  Tra- 
villa.  Mun  Jl  &  Engr — Nov.  20,  07.  900 
w.  40c  Discusses  cost  and  methods  em- 
ployed by  contract  and  by  force  account,  and 
methods  and  costs  of  sprinkling. 

Tarring  Roads. 

The   British   Road   Tarring   Trials. 
Roc — Nov.  23.  07.     3200  w.     20c 


Eng 


on   Boulevards.     Man 
IS,  07.     4  figs.     900  ▼. 
■MtlKids  of  planting  and  ir> 
ia  Chicago. 
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Technical  Education 


lattiMe  of  Tcckoology 

CHICAOD.   IL.UN'019. 
IB  RI*c«H«l.   HfcbanJoI,  CI'll,   Chimlcal   ksd 
EBctnacnoi    Kod     A.rcbliwtan.      Cen- 
T  Kiulpiwd  l*bonton«  ID  >I1  dapkrUnanli. 


ChffaM  Sck<Ml  wf  Tccfcaolnr- 


TtHuu*  a.  CluknD  Umuortol,  Potvdam.  N.  r. 
OrculMd  HDd*r  cktrlit  at  Ui(  UDlTvraltj  or  Ibe  SlkU 
*r  >**  Tork.  Couma  tMdIu  to  dwTM*  at  BielieloT 
Bl  Seican  in  Cbamlcol.  CWlt.  KiMcnetl  tad  tlicbuDtoii 
CulBKrlnK.  compnilBB  tonr  r*>r*  er  Iborouah  tralnlDt 
ma4  tMlOral  ealt«c*  work  In  tbtorr  ind  prwtiM  ot  «ii|l- 
M«1aB  n*  Clu-kHQ  Dulletln.  pubU'bvd  qukrttrJr. 
aalM  DB  ■ppIlnUoD. 

WM.  3.  ALDRICll.  Dlrvctor. 


L4Wf9  At   UlflMCrnfa 


OHIO    NORTIIKRN    UNIVERSITY.    ADA,    OHIO. 

aanH    In    aTll.    ll«!b>nJ«l.    Bleetrlc*].    Ulaloa,    Sanl- 

U17.  UoDlclpBt.  ArebllMtur*. 

PKACTICAU  ECONOMICAL. 


moKouoii. 


for     punphIM,     CBImlocBB.    1 


.  SUULU   DMn. 


Lebigb  Uoivenilv, 
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luTfT  iDd  CbemltUT   AIM  CUi'lcal  and  Llt«nry  Goi 

Fof  tunbcr  lofoniiBtloD.  for  ~  .  -^ .  ..  . 

■Dd    lor   deKrlpUTB   clrculun 


ot  lb*  UnlTonltj. 
TUB   REQISTRAR. 


ReoMcher  Polytecknic  lutitale, 

TBOV.  N.  T. 

A  SCHOOL  or   BNOINEBRINO   A: 

Rokdi,  Railroadi,  Brldsea.  Roota,  Arc 

RiiKiDH,   BlFcino    &l|lD*<.    r>fa* 


RoK  Polrltclmk  lottitiite, 

TERRE   HAUTB.    IND. 
CounM  In  MfcbiDir*!.  ElMtrie*!  aod  Clrll  BdKIdhMiic, 
Arebllvctnra    and    Cbamlitrj.      EiUdiIt*    Shop*.      Com- 
pletalT  equipped    LaboratotlM   In   all    DaparUDcaU.      Ei- 

rat  calalocue  or  tpeclal  IntonoaUon.  addraai, 

C.  I^  IIBE3.  PraaldanL 


Testing  Laboratories 


Dr.  Pmtmr  T.  AtuUn,  F.  C.  S. 

CaDanUlBC  Ctannlal  mna  Gi|>an 
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Testing   Laboratories 

Eipcria  on  PorlLand  Camanl 
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Cement  Inspection  and  Tests 

Mill  iDspeclioD,  Suodard  Teala, 
EiperlOpiniona,  Chemical  Aaali  ■ 
MS,  ScioDlitic  lavetli|;alia(i(. 

NAZARETH,  PENiNSVLVANIA 
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TECHNICAL   LITERATURE 


Wood  Paving  Blocks,  Treatment  of. 

RequirementB  for  Treating  Wood  Paving 
Blocks.  Geo.  W.  Tillson.  Eng  Rec — Nov. 
16,  07.  4600  w.  20c.  Paper  read  before 
Am.   Soc.   of   Municipal   Improvements. 

SEWERAGE    AND    SANITATION. 

Sewage  Disposal. 

Report  on  Sewage  Disposal  of  the  Calu- 
met District  Through  the  Chicago  Drainage 
Canal.  Eng  News — Nov.  7,  07.  4700  w. 
20c. 

Sewage  Disposal  Plant  of  Reading,  Pa. 
Mun  Jl  &  Engr — Nov.  6,  07.  8  figs.  3600 
w.     40c. 

Sewage  Pumping. 

The  Use  of  Small  Pumping  Plants  in 
Connection  with  Sewerage  Systems.  Irving 
T.  Farnham.  Jl  of  Assn  Engg  Socs — 5  figs. 
2500  w.  60c.  Description  of  Newton  Sew- 
erage pumping  plant,  read  before  the  Sani- 
tary Section  of  the  Boston  C.  E.  Soc,  Jan. 
9.  07. 

Sewage  Treatment. 

Some  Interpretations  of  Sewage  Purifica- 
tion Phenomena.  Sidney  H.  Chambers. 
Surv — Nov.  1,  07.     2  figs.     7200  w.     40c. 

Studies  of  Sewage  Distributors  for  Trick- 
ling Filters.  C.  E.  A.  Winslow,  Earl  B. 
Phelps,  C.  F,  Story  and  H.  C.  McRae.  Tech 
Quarterly — Sept.,  07.  12  figs.  16,000  w. 
80c. 

The  SterilisMitlon  of  Treated  Sewage.  Eng 
Rec — Nov.  16.  07.     4600  w.     20c. 

[^werago  of  Buildings. 

i        Roughing-in  Plumbing      In      Buildings. 

Jno.  K.  Allen.  Dom  Engg — Nov.  9.  07.   22 

figs.     1200  w.  20c     X.     Cast  iron  soil  pipe 
and  fittings. 

The  Sanitary  Sewerage  of  Buildings. 
Thomas  S.  Ainge.  Dom  Engg — Nov.  16.  07. 
3  figs,     2200  w.     20c     VII.     Traps. 

Sewer  OiM'hargo,  Computation  of. 

A  Short  Method  of  Recomputing  Sewer 
Discharge  for  a  Changed  Value  of  **n'*  in 
Kutter's  Formula.  G.  S.  Coleman.  Eng 
News — Nov,  21.  07.      1  fig.     2100  w.     20c 

AiteRian  Supply. 

The  Artesian  Water  Supply  of  Australia. 
C.  O.  Burge.  Kng  Rec— Nov.  16.  07.  2500 
w.     20c 

Camden *s  Artesian  Water  Supply  is  Not 
Derived  from  the  Delaware  River  by  Infil- 
tration. Oscar  C.  S.  Carter.  Jl  of  Franklin 
Inst — Nov.,  07.  10  figs.  6000  w.  60c  Pa- 
per  read  before  the  Franklin  Institute. 

Chicago  Piunping  Station. 

The    Chicago    Avenue    Pumping    Station. 
Henry  A.  Allen.     Engr     Nov.  15,  07.     7  fig^ 
S800  w.     20o.     l>esoril>es  a  station  with  ca- 
,  iMicity  of  76.000,000  gallons  in  24  hours. 

FOtratton. 

Report   of   the    Filtration   of   the  Cr«»tMi 
Water  Supply,  New  York  City.    Gag 
Nov.  21,  07.     2  figs.     2700  w.     t^C 


Sand  Filtration  of  Water  Supplies. — T. 
Andrew  Williamsdn.  Engg — Nov.  1.  07. 
5900  w.     40c. 

The  Filtration  of  the  Croton  Water  Sup- 
ply of  New  York.  Eng  Rec — Nov.  23,  07. 
4  figs.     4500.  w.     20c. 

Lead  Service  Pipes. 

Lead  as  a  Materftil  for  Service  Pipes.  C. 
Powell  Karr.  Met  Wkr— Nov.  2,  07.  2400 
w.     20c. 

Oriental  Water  Works. 

Some  Notes  on  Oriental  Water-Works. 
George  A.  Johnson.  Eng  News — Nov.  7,  07. 
9  figs.  7700  w.  20c.  Describes  salient 
features  of  Japanese  water-works,  and  of  the 
works  at  Shanghai,  China,  Singapore, 
Straits  Settlements,  Bethmangala,  and  Cal- 
cutta, India. 

Reservoir  Repairs. 

Searching  Out  and  Repairing  Reservoir 
Leak.  Engg-Contr — Oct.  30,  07.  600  w. 
20c. 

Stream  Pollution. 

State  Protection  of  the  Purity  of  Inland 
Waters.  R.  Winthrop  Pratt.  Jl  of  Assn  of 
Engg  Socs — Oct..  07.  8500  w.  60c.  Read 
before  the  Civil  Engineers'  Club  of  Cleve- 
land, April  9,  07. 

The  Prevention  of  Stream  Pollution  by 
Strawboard  Waste.  Earl  B.  Phelps.  Tech 
Quarterly — Sept.,  07.     6  figs.     7600  w.   80c 

Water  Pollution  in  the  Oswego  and  Up- 
per Hudson  River  Drainage  Areas.  Eng 
News — Nov.  7.  07.     4600  w.     20c. 

Waste,  Punishment  for. 

Punishment  for  Waste  of  Well  Water  in 
California.  Eng  Rec — Nov.  9,  07.  3  figs. 
3600  w.     20c 

l^aSCELLANEOUS. 

Fire  Protection. 

Fire  Boat  Protection.  Edward  F.  Croker. 
Sc  Am — Nov,  23,  07.  3  figs.  3400  w.  20c 
From  an  address  before  the  International 
Association  of  Engineers,  Washington,  D.  C. 

Horses  and  Motor  Fire  Apparatus.  Frank 
C.  Perkins,  Mun  Jl  &  Engr — Nov.  20,  07. 
4  figs.  1200  w.  40c  Describes  German 
and  English  fire  escapes  and  extension  lad- 
ders, first-^id  machines,  ambulances,  gaso- 
line fire-boats  and  combined  gasoline  and 
steam  fire-boats,  etc 

Paring 

The  C^r^  and  Maintenance  of  Parks. 
Jame^  Owen.  Mun  Engg — Nov.,  07.  5 
figs.      4500  w.     20c  • 

Pvblic  ComfoK  Stations. 

A  Public  Comfort  SUtion  In  Cincinnati. 
Met  Wkr— Nov.  16,  07.  8  figs.  2000  w. 
20c  Describes  drainage,  water  supply, 
heating  and  ventilation  in  an  underground 
public  convenience. 

P«Mic  Oonv^enienoe  Stations  of  Washing- 

teii-  D.  C     Smeet  S.  Bradford.     Man  Jl  A 

>     H»r>  I),  #7.     4  figs.     3000  w.     40c 
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TECHNICAL   LITERATURE 


RAILROAD  ENGINEERING 


CONSTRUCTION. 

Denver  &  Rio  Grande  R.  R. 

Double-Track  Work  Through  Eagle  River 
Canyon,  Denver  &  Rio  Grande  R.  R.  Eng 
Rec — Nov.    16,   07.      9   figs.      1500   w.      20c. 

Denver  &  Rio  Grande  R.  R. 

,  The  Rex-Red  Cliff  Double  Track  Construc- 
tion on  the  Denver  &  Rio  Grande  R.  R.  Eng 
News — Nov.  21,  07.     8  figs.     1600  w.     20c. 

Kansas  City  Belt  Ry. 

A  New  Belt  Railway  at  Kansas  City.  Eng 
News — Nov.  14,  07.     3  figs.     1400  w.     20c. 

N.  Y.,  N.  H.  &  H.  R.  R. 

Six-Tracking  and  Reconstruction  of  the 
Harlem  River  Branch  of  the  New  York,  New 
Haven  &  Hartford  R.  R..  12  figs.  4800 
w.      20c. 

MANAGEMENT   AND   OPERATION. 

Operating   Expenses. 

Report  on  the  Tentative  Classification  of 
Operating  Expenses.  St  Ry  Jl — Nov.  16,  07. 
9800  w.  20c.  Report  of  committee  on  the 
standard  classification  of  accounts  and  pre- 
sented at  the  Atlantic  City  Convention  of 
the  American  Street  and  Intern rban  Rail- 
way Accountants'  Association. 

Supplies. 

The    Classification  of    Railroad    Supplies. 

George  E.  Yoemans.  Ry  Age — Nov.  16,  07. 
2500  w.     20c. 

POWER   AND   EQUIPMENT. 

Brakes. 

The  Vacuum  Brake  and  Slack  Brake  Gear. 
Engg  (Lond.) — Oct  25,  07.  1  fig.  2700 
w.     40c. 

Car  Ughting. 

Acetylene  Car  Lighting.  Hugh  T.  Down- 
ing. Ry  Crit — Oct.,  07.  2  figs.  1200  w. 
40c. 

Car  Wheels,  Pressure  Against  Rails. 

Lateral  Thrust  of  Car  Wheels  Against  the 
Rail  (Investigation).  Geo.  L.  Fowler.  R  R 
Gaz — Nov.  15,  07.     6  figs.     4000  w.     20c. 

Freight  Yard. 

The  Southern  Railway's  Freight  Yards  at 
Atlanta,  Ga.  Eng  News — Nov.  7,  07.  3  figs. 
2000  w.     20c. 

liocomotives. 

Causes  of  Defects  and  Failure  of  Steel 
Tires.  Geo.  L.  Morris.  R  R  Gaz — Nov.  1, 
07.  13  figs.  1400  w.  20c.  Concluded. 
Paper  read  at  October  meeting  of  the  West- 
ern Ry  Club. 

Decapod  Locomotive,  with  Combination 
Chamber,  Buffalo,  Rochester,  &  Pittsburg 
Ry.  Ry  Master  Mech — Nov.,  07.  3  figs. 
1200   w       20c. 


Gas  Engines  for  Locomotives.  A.  StuckL 
Gas  Engine — Nov.,  07.     2400  w.      20c. 

Modern  Locomotive  Practice.  Alister 
Mackinnon.  Prac  Engr — Oct.  25,  07.  1000 
w.  40c.  Abridgment  of  a  paper  read  before 
the  Graduates'  Section  of  the  Institution  of 
Mechanical  Engineers,  October  14,  07. 

New  Locomotives  for  New  York.  Chicago 
&  St.  Louis  R.  R.  Ry  Age — Nov.  16.  07. 
3  figs.     2000  w.     20c. 

Ten-Wheel  Locomotives,  with  Super- 
heater, for  the  Canadian  Pacific.  R  R  Gaz 
— Nov.   22,  07.     5  figs.      1800  w.      20c. 

The  Application  of  Highly  Superheated 
Steam  to  Locomotives.  Robert  Garbe.  Engr 
(Lond.) — Oct.  25,  07.  1  fig.  3400  w. 
.  Nov.  1.  1  fig.  3000  w.  Nov.  8.  3000  w. 
Nov.  15.  5  figs.  1800  w.  Each,  40c.  A  series 
of  articles  describing  the  various  forms 
of  superheaters,  compounding  and  super- 
heating, and  the  design  of  locomotive  su- 
perheaters. 

The  Crosby  Locomotive  Mechanical 
Stoker.  Ry  Master  Mech — Nov.,  07.  5  figs. 
200   w.      20c. 

The  First  Steam  Superheaters.  Chas.  R. 
King.  R  R  Gaz — Nov.  1,  07.  13  figs.  2200 
w.     20c. 

The  Hayden  Locomotive  Stoker.  Ry  Age 
— Nov.  8,  07.  4  figs.  1700  w.  20c.  De- 
scribes a  stoker  provided  with  a  conveyor 
which  delivers  the  coal  from  a  tender  to  the 
hopper  at  the  fire  door  and  forces  the  coal 
into  a  fire-box  by  means  of  a  steam  Jet. 

The  Relation  Between  the  Condition  of 
Motive  Power  and  Its  Repair.  Clive  Hast- 
ings. R  R.  Gaz — Nov.  15,  07.  3  figs.  2200 
w.     20c. 

Car  House  and  Repair  Shop. 

Fireproof  Car  House  and  Repair  Shop  for 
the  Springfield  Consolidated  Railway  Com- 
pany. St  Ry  Jl — Nov.  2,  07.  3  figs.  1200 
w.     20c. 

Elevated  Storage  Yards. 

The  New  Sullivan  Square  Elevated  Stor- 
age Yard,  of  the  Boston  Elevated  Railway. 
St  Ry  Jl— Nov.  23,  07.  3  figs.  1800  w. 
20c. 

Electrically   Equipi>ed   Roads. 

A  2000-Volt  Continuous-Current  Rail- 
way. El  Engg — Oct.  24,  07.  18  figs.  8100 
w.  40c.  Describes  a  9-mile  narrow  gage 
equipment  in  Lorraine. 

The  EvansYllle  and  Eastern  TracUon 
System.  St  Ry  Jl — Sept.  28,  07.  4  figs. 
2900  w.  20c.  A  21-mile  line  throned  a 
rich  farming  country  in  Indiana  wltose 
principal  business  is  tlie  haulage  of  agri- 
cultural products* 

The  Mor*^-*  ^^kMjiil^ 

Railway.  ^iXf^ 
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The  Schaffhausen-Schleitheim  Blectric 
Railway.  Dr.  A.  Qardenwitz.  W  Blecn — 
Oct.  5,  07.  6  flgB.  2000  w.  20c.  A  Swiss 
line  designed  for  two  operating  voltages, 
the  lower  being  that  for  the  municipal 
tramways  of  SchafChausen. 

The  Vienna-Baden  Electric  Railway.  L. 
Kadronozka.  EIek  u  Masch — Oct.  20»  07. 
10  figs.  3500  w.     60c. 

Freight  Handling. 

Light  Freight  Handling  by  Electric  Lines. 
P.  P.  Crafts.  W  Elecn — Nov.  16.  07.  1  fig. 
2600  w.  20c.  Paper  read  before  the  Ameri- 
can Street  and  Intern  rban  Railway  Asso- 
ciation at  Atlantic  City,  Oct.  17,  07. 

Fuse  and  GontroUer  Troubles. 

Changing  Resistance  Steps  to  Eliminate 
Fuse  and  Controller  Troubles.  St  Ry  Jl — 
Nov.  2,  07.     2  figs.     900  w.     20c. 

Bfainteiiance. 

Analysis  of  the  Cost  and  Methods  of  Elec- 
tric Railway  Maintenance.  A.  B.  Herrlck. 
Blec  Trac  Wkly — Nov.  21,  07.  8  figs.  8300 
w.  20c.  In  paper  read  before  the  Central 
Electric  Railway  Association  at  Indianapolis. 

Pantograph  GoUector. 

Pantograph  Collector  for  High  Speed 
Electric  Railways.  Joseph  Mayer.  St  Ry 
Jl — Nov.  9,  07.     1  fig.     1400  w.     20c. 

**Pay-a8-YoQ-Enter**  Gars. 

"Pay-as-You-Enter"  Cars  for  New  York 
City  Street  Railway  Lines.  Eng  News — Nov. 
21,  07.     4  figs.     1600  w.     20c. 

Poles. 

Maximum  Length  of  Service  for  Poles, 
Ties  and  Timbers.  Edward  F.  Weihe.  St 
Ry  Jl — Oct.  12,  07.  3  figs.  4800  w.  20c. 
Describes  the  structure  of  wood,  causes  of 
its  decay,  seasoning  and  the  yalue  of  pre- 
servative treatments  for  lengthening  life. 

The  Toltz  Locomotive  Superheater.  Ry 
Master  Mech — Nov.,  07.  1  fig.  1300  w. 
20c. 

Motor  Cars. 

Steam  Rail   Motor-Cars;    Rhymney   Rail- 
way.   Engg — Nov.  1,  07.     1  fig.     1000  w.  40c. 

The  Gasoline  Motor  Car.  A.  Q.  Lang- 
worthy.  Engr — Nov.  15,  07.  1  fig.  700  w. 
20c 

Oil  Houses. 

A  Modern  Oil  House,  Great  Northern  Rail- 
way. Ry  Master  Mech — Nov..  07.  16  figs. 
3100   w.      20c 

Refrigeration  in  Ry.  Work. 

The  Present  Status  of  Mechanical  Refrig- 
eration in  Railroad  Work.  Jas.  H.  Hart. 
R  R  Gaz— Nov.  22.  07.     1800  w.     20c. 


Signaling. 

Automatic  Block  Signals.  A.  O.  Shaver. 
Rose  Technio — ^Nov.,  07.  7  figs.  4000  w.  20c 
Describes  the  various  methods  of  controlling 
and  operating  block  signals. 

British  Practice  with  Distant  Signals.  H. 
Raynar  Wilson.  Ry  &  Eng  Rev — ^Nov.  16, 
07.     2700  w.     20c. 

Electric  Signaling  Installations  at  Euston 
and  Crewe  Stations.  Elecn — Oct.  25,  07. 
13  figs.     2200  w.     40c. 

Railway  Signaling.  W.  B.  Foster.  El  Jl 
— Nov.,  07.  6  figs.  2300  w.  20c.  IX. 
The  language  of  fixed  signals. 

Track. 

Steel  Ties  In  Germany.  Dr.  N.  C.  A. 
Haarmann.  Ir  Tr  Rev — Nov.  7,  07.  3 
figs.     2000  w.     20c 

Track  Construction  and  Corrugation: 
Philadelphia  and  Boston  Experiences.  Tram 
&  Ry  Wld — Oct.  3,  07.  17  figs.  7300  w. 
40c 

Why  Efilclent  Track  Work  is  Skilled  La- 
bor. W.  M.  Camp.  Ry  Eng  Rev — Nov. 
16,  07.  3400  w.  20c.  Paper  read  at  the 
annual  convention  of  the  Roadmasters'  and 
Maintenance  of  Way  Association,  Chicago, 
Nov.  14,  07. 

Power  Stations. 

Peoria  Station  of  the  Illinois  Traction 
System.  Engr — Nov.  15,  07.  15  figs.  5000 
w.  40  c.  Describes  a  station  equipped  with 
steam  turbines,  water-tube  hollers  and  me- 
chanical stokers. 

The  Spy  Run  Station  of  the  Fort  Wayne 
&  Wabash  Traction  Co.  Eng  Rec — Nov. 
23,  07.     4  figs.     4800  w.     20c 

Steam  vs.  Electric  Locomotives. 

Comparative  Performance  of  Steam  and 
Electric  Locomotives.  Albert  H.  Armstrong. 
Proc  Am  Inst  E  E — Nov.  8,  07.  16  figs. 
14,300  w.  80c.  A  paper  read  before  the 
Am.  Inst,  of  Elec  Engrs..  Nov.  8«  07. 

Track. 

Concrete  in  Street  Railway  Construction. 
George  D.  Steele.  Cem  Era — ^Nov.,  07.  5 
figs.     1800  w.     20c 

Rehabilitating  the  Tracks  of  the  Chicago 
City  Railway.  St  Ry  Jl — Oct.  26,  07.  4 
figs.  4100  w.  20c.  Describes  the  track 
reconstruction  now  being  carried  on. 

Some  Features  of  the  Building  of  Chi- 
cago's Street  Railways.  W  Elecn — ^Nov.  2, 
07.     5  figs.     2600  w.     20c. 

The  "Robrow"  Conduit  System  as  Adopt- 
ed for  Benares  (India)  Tramways.  Tram- 
way &  Ry  Wld— Nov.  7,  07.  18  figs.  8300 
w.  40c.  Describes  the  slide-slot  conduit 
used. 
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ENGINEERS 

CONSULT  THE  INDEX  PAGES 
OF  TECHNICAL  LITERATURE. 
AND  WOULD  READ  YOUR  AD- 
\ERTISEMENT.  IF  INSERTED 
HERE.  ^JUDICIOUS  ADVER- 
TISING OF  ARTICLES  OF  MERIT 
%VILL  ALW.4YS  PAY.  BUT  YOU 
CAN  ONLY  E.XPECT  THE  BEST 
RESULTS  FROM  ADVERTISING 
B'l-  USING  THE  MEDIUM  THAT 
IS  READ  AND  REFERRED  TO 
BY  THE  MEN  WHO  WOULD 
JPEOPl'  OR  USE  YOUR  GOODS 
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t  Literatnre  U  Mailed 
FUt 

I  wer  MM  nnjone  opQiilns  n  traile 
Jovrul — or  nib«r  trylm  to  open  one? 

BetUr  r«t,  did  fou  •ver  try  to  open  one 
joanclf! 

Tbo  «*«fm(o  inide-JouniBl  putillsher  ihtiike 
hm  baa  fulflUod  his  contract  to  advonlsi^rB  anil 
svtacTlbara  wban  tip  shipi  hl8  paper  out  or  the 
prtBtlDc  boiue  wouud  up  by  Houie  muvhlne 
vlth  tba  powar  ot  a  I'ottan-comprecs. 

It  requIrM  Ibe  beat  mecbanlc  about  a  place 
to  open  a  trad*  paper  wltta  grace  and  CbrUllan 
rortitudv.  and  without  Injury  to  btmaeif  or  th<9 
jonrnaJ. 

Tba  avaras*  man  will  take  a  letter-upener, 
or  a  hat  or  halr-pln.  borrow^  frum  u  sii-uok- 
raptiar.  Jab  at  the  wrapper  and  worry  olf  a 
lM«c«  blK  aa  poatase-Biamp  per  Jab.  Before 
be  («(■  half  way  acroaa  the  package,  lie  will 
utt«r  a  reversed  prayer  la  lieu  of  dust  to  dust 
and  aahee  to  aahea,  and  throw  it  where  tbe 
aQn*^)'  puta  tbe  catalogues  and  other  third- 
dSM  (oalL 

Titan  II  fou  do  |et  enouBb  of  the  wrapper 
off  so  that  It — well,  It  nerer  comee  open — It 
fU«a  open. 

To  eee  a  man  trying  to  open  one  ot  Uiesc 
Biaulla  hide-bound  trade  Journals  and  watch  It 
II;  np  la  to  be  reinlndeJ  ol  iryluK  to  wind  a 
Walorbary  watch,  wblcn  usually  lets  go  and 
corera  tbe  winder  with  llve-and-eevenly  feet 
ot  narrow  steel  rlbbun— like  somebody  had 
dnnped  a  wasla-baaket  full  of  ticker  tape  on 
blm. 

It  requires  a  hydraulic  precs  to  get  the  aver- 
age trade-Jonmal  In  a  lying  position  for  any 
length  of  time. 

If  an  Industrial  concern  r«c«tved  a  package 
e(  gooda  that  they  could  not  open  without  In- 
Jury  to  aald  goods,  they  would  throw  It  back 
oo  tba  shipper's  hands. 

With  tbe  average  trade-Journal,  you  must 
taka  *em  aa  yon  And  'em. 

It's  a  good  deal  like  tbe  Irishman  who  or- 
dered a  steak  In  a  cheap  reelaarant  patronised 
by  hU  countrymen: 

"I  wcio*t  pay  for  thla  steak."  said  the  eater. 

"You  will,"  said  tbo  waiter. 

"Why  will  I.  whfM  I  can't  cut  It.  let  atune 
■at  l(T"  rrtumed  the  Irishman. 

"Well,  but  rnu're  bent  ti. '  aald  the  wattet. 
— DaTld  Olbeon  In  "Tbe  Blleot  Partner." 


Do  You  Know 

That  Palestine,  before  the  destruction 
of  the  forests  of  Lebanon,  supported 
a  population  of  lO.cxKi.oooin  atHuence? 
That  today  scarcely  400.000  people 
rcmain.and  these  arc  in  abject  poverty? 

Do  You  Know 

That  the  valley  of  Babylon,  once  proud 
and  pros[>ero«s.  is  now  abandoned  and 
forlorn?  That  ihc  sites  of  Canhage, 
Tyre  and  Sidon,  once  populous,  fertile 
and  blesseil  with  abundance,  are  now 
covered  by  desert  wastes? 

Do  You  Know 

Thai  this  condition  may  he  repealed  in 
this  country? 

Do  You  Know 

the  relation  forests  bear  to 

The  creation  of  desert  wastes  ? 
The  steady  flow  of  streams? 
The  occurrence  of  floods? 
The  decay  of  empires? 
The  prosperity  of  the  people  ? 

If   you   do   not,    you 
•hould   read 


FORESTRY 

and 

IRRIGATION 


The  illustrated  monthly  magazine  pub- 
lished by  the  American  Korc*ir>'  .Asso- 
ciation. It  is  devoted  to  the  perpetuation 
of  our  natuml  resources  through  intelli- 
eent  use,  and  i^of  immeiliate  interest  to 
every  citiicn  and  his  family. 

Ssarf  l»c  lara  Smm^  Ct^ 

Forestry  and  Irrigation 

1311  G  Street,         WasKincton.  D.  C 


TECHNICAL   LITERATURE 


1 


Special  Discount  Offers  for 
New  Subscriptions  for  1908 

The  Special  Rates  listed  below  for  various  magazines  in  com- 
bination with  "  Technical  Literature  "  apply  only  to  NEW  SUB* 
SCRiPTIONS  to  Both  Publications,  and  are  limited  to  points 
within  the  Domestic  Postal  Service  :  United  States,  U.  S.  Possess- 
ions,  Mexico  and  Cuba.  oor  speciu 


American  Engineer  and   Railroad  Journal..  $2,00 

American  ilachinist  4.00 

Compressed  Air   i.oo 

Concrete    i  .00 

Concrete  Engineering   i.oo 

Engineering  News   5.00 

Engineering  Record   3.00 

Engineering  and   Mining  Journal 5.00 

Electric  Journal   1.50 

Electrical  Review  3.P0 

Electrical  World   3,00 

The  Engineer  1 .00 

Engineering-Contracting    2.00 

Heating  and   \'entilating  Magazine i.oo 

Ice  and  Refrigeration   2.00 

Journal  of  Electricity,  Power  and  Gas 2.50 

Mines  and  Minerals   2.00 

Ores  and  Metals  2.00 

Progressive  Age   3.00 

Power    2.00 

Railway   Age    4.00 

Railroad  Gazette  5.00 

Railway  and   Engineering  Review 4-00 

Roadmaster  and  Foreman i.oo 

Selling  Magazine    i.oo 

Street  Railway  Journal    3.00 
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We  can  supply  any 
engineering  book  published 

We  arc  not  only  one  of  the  largest  publishers  ol 
engineering  books  in  the  world,  but  our  facilidct 
are  unsurpassed  by  any  publisher  or  bookseller  !or 
supplying  the 

Engineerms  and  Scientific  Books  of  All  Publishers. 


[Be«t  Discounts[^tolan  Purchasers 

If  a  book  a  lubjcct  to  discount,  >-ou  will  gfi  tlie  discount 
without  a.^kioc  for  ii.  If  ynu  rtniil  Ihc  full  |ince,  the  dwcottnl 
will  be  returned  with  your  rec«pted  bilL 

If  a  book  U  not  autrfect  to  ducount  (if  it  is  a  so-called  "net" 
book,  not  discounttd  by  the  publisher),  we  caonot  (pwe  a  discount 
to  any  purchaser. 

This  is  our  unifonn  rale — the  iquare  d«al  for  all  hook  buyerrt. 


WE  ARE    SPECIALISTS 

in  manufacturing  and  selling  engineering  and  technical  books, 
and  our  experience  in  these  lines  is  at  your  service. 

Write  for  our  catalog*.      Send  u  fo%a  inqiuriea. 

McG^siw  Publishing  Company 

Publisher^  Importem  and  Booksellera 
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Recent  Publications 


f  Reinforced  Concrete 

By  A.  W,  Hue)  «Rd  C.  S.  Hill.    Sec^ 
oa«t  ftlitiitn,  4Ch  lliouiand. 

The  moM  thoroughly  up-lo-dftlc 
['treatise  on  the  Kubfect  in  the  Eiicli*li 
1  luieuate  an^  *  itandard  Authon'ty. 

Uuckrvn  :  fix(>iiu.:  tioo  p«ccs  ;  ^;; 
f  flluitntiont:  SfoWiin;  pia'-^    «:  ..i  i.^t 

[  Denffti  ofJStcwl  Mill 
BiulcUnga 

By  Milo  S.  Ketchum.  C.  E.    Second 
edIHoB.    Rexwd  and  enlarsMl. 

A  work  ol  KTUl  value  la  Dcsieoen 
t  and  one  optciKllr  adapted  lor  ute  in  en- 
r  EitvccrlDE  collects. 

Ckrth  ;  6  s  9  ios.;  48a  pofU.  214  illtu- 
I'lntioni,    S4.00  net- 


Design  of  WalU,  Bint  and  Grain 
Elevatora 

Oy  MiloS.  Ketchum,  C.  E. 

Tlic  only  n¥*!Ue  covcriag  tliii  tm- 
ponuil  fidd  ijf  work. 

Cloth  :  6  X  g  ini.;  400  pa^es,  a6o  it- 
liutraliona.    ^.00  net- 

Reilroed  Curve  Tables 

By  R.  S.  Heiidrnan.    A  iiKful  Mt  o( 

table*  in  handbook  (onn. 
4k7  ins.;    9(1    pacts 4    10  diaeran». 
Flexible  leather,  $2.00  net ;  cloth,  $1.50 


Spedficetions  for  Street  Roadway 
Pavementa 

By  f;    \V),jr>,*ry.   T    F 

.\  V  >[ulDrcity 

en;  ritio. 

1 '  S"*-  Del. 


Forthcoming  Publications 


\  Econotnica  oF  Railway  Operation 

By  "  1:..  CU.  Eng.  M. 

Thi^  [i  many  Ulustra- 

Flioii>.  taken  (mm  ibe 

[bat  ■:  \   book_Io  be 

icl  ■  men,     I I 

\  Specification!  nnd  Contracts 

By  J.  A.  K.  Wadildl.  C.  K.,  and  Juhn 


f  fltitdenls. 


Deaign  of  Typical  Steel  RAll¥rmy 
Bridge* 

By  W-  Chase  Thoniaon.  C.  E. 


Analytu  of  the  Elaatic  Ardi 
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A  point  to  remember  when  making 
up  your  list  of  periodicals  for  1908 : 


The  Subscription  Price  of 

is  but  $3.00  Per  Annum 


The  Held  covered  by  THE  ENGINEERING  RECORD  i*  tUt  of  civil 
cDgiDeerino.  The  pftper  U  edited  fur  the  men  who  design  and  build 
bf'dgea,  ratlwnys,  wktcr  worki  and  other  municipaJ  improvemeDtsi,  in* 
duitrial  ettabliahments,  iteam  and  hydraulic  power  plants,  river  and 
harbor  improvemenls,  and  the  great  variety  of  >tructurei  and  plant! 
required  for  such  work.  On  these  subiects  it  is  regarded  as  the  highest 
authority  by  men  at  the  bead  of  the  pfofesaion,  as  wall  as  by  the  younger 
men  aspiring  to  that  rank  who  find  it  an  essentia)  factor  io  liteir  eo- 
gineering  experience  and  instruction.! 

A  special  feature  of  the  paper  of  unusual  value  to  enginAera  and 
contractors  is  the  "Contracting  News"  Supplement,  containiofl  twelve 
pages  weekly  of  advance  information  regarding  new  work  proiected  by 
government  and  municipal  authorities  and  private  firms. 


If  you  subscribe  now  CTdiSI"') 
you  will  receive  the  remaining  issues 
of  this  year  free  of  charge. 


THE  ENGINEERING  RECORD,  239  Weit  39tli  Street,  New  Tork 
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RECENTLY  ISSUED 


Design  of  Steel  Mill  Buildinge 

By  Milo  S.  Ketchum,  Dean  of  College 
of  Engineeringp  University  of  Colo- 
rado. Second  Bdition.  Revised  and 
Enlarged.  Cloth;  6x9  ins.,  xiv  +  480 
pages;  214  illustrations.     $4.00,  net. 

More  than  100  pages  have  been  added  In  the 
present  edition,  which  include  Influence  Dia- 
grams. The  Calculation  of  Stresses  In  Pins, 
Graphic  Methods  for  Calculating  the  Deflection 


of  Beams,  Data  on  Loads,  Foundations,  and 
8aw-Tooth  Roofs,  Descriptions  of  Various  Build- 
ings, and  an  Appendix  giving  the  Analyses  of  22 
Problems  in  Graphic  Statics. 

Design  of  Walls,  Bins  and  Grain 
Elevators 

By  Prof.  Milo  S.  Ketchum,  Author  of 
''Steel  Mill  Buildings."  Cloth;  6x9 
Ins.;  400  pages;  260  illustrations  and 
2  folding  plates.     $4.00,  net. 


FORTHCOMING    BOOKS 

Economics  of  Railway  Operation 

By  M.  L.  Byers,  Chief  En^^eer,  Maintenance  of  Way,  Missouri  Pacific  Railway. 

Buckram;  6x9  inches;  about  700  pages;  many  figures,  diagrams  and  forms  illustrat- 
ing the  best  recent  practice.     $5.00,  net 
Tills  w^ork  w^lll  b«  to  and  of  inestlniAble  Talne  by 

(1)  All  classes  of  railway  employeee  who  are  ambitious  to  flt  themselyes  for  higher  positions  and 
to  secure  a  thorough  knowledge  of  the  business  in  which  they  are  engaged. 

(2)  Railway  officers  having  responsible  charge  of  the  various  Operating  Departments. 

(3)  Attorneys  having  a  practice  requiring  a  general  knowledge  of  railway  operations. 

(4)  Engineering   students    intending    to    follow  railway  engineering.  , 

Railway  Track  and  Track  Work 

By  E.  E.  Russell  Tratman,  A.  M.  Am.  See.  O.  E.,  Associate  Editor,  Engineering  News. 

Third  Edition,  fully  rewritten  and  with  additional  chapters. 
Cloth,  6x9  inches;  500  pp.;  about  250  illustrations;  with  index  of  over  1200  Head- 
ings.     Price,  $3.50,  net.     Ready  in  February,  1908. 
Pre-prints  of  earlier  chapters  will  be  issued  on  December  1  for  use  in  colleges.  Price 

of  this  edition  has  been  advanced  from  $3.00  to  $3.50  net 


Design  of  Typical  Steel 


Bridges 


By  W.  Chase  Thomson 

Cloth;  6x9  Ins.;  about  190  pages;  21  illustrations,  6  of  which  are  folding  plates.  $2.<X).  net. 
A  sequel  to  "Bridge  and  Structural  Design,'*  a  previous  work  of  the  author's.  The  structures 
treated  of  represent  the  commonest  types  of  railway  bridges,  and  were  chosen  because  they  seemed 
beRt  puitcd  to  illustrate  the  problems  which  occur  most  frequently  to  the  bridge  designer.  They  in- 
clude the  following:  a  OO-ft  Deck  Plate-Oirder,  a  100-ft.  Deck  Warren  Girder,  a  150-ft.  Through 
Prntt  Truss,  a  200-ft.  Through  Pratt  Truss  with  curved  top  chord,  a  1570-ft.  Swing  Bridge,  and  a 
Railway  Viaduct. 
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"Do  rontibua,"  before  the  Students  of  the  Rensselaer  Polytechnic  Institute,  with 
Notes  on  the  Law  of  Contracts  by  John  C.  Wait,  M.  C.  E.,  LL.  B.,  author  of  "Engi- 
nt^erinK  »hi1  Architectural  Jurisprudence,"  etc. 

Strt\sH  is  laid  on  the  importance  of  the  proper  preparation  of  specifications, 
aiui  many  e.xaniplos  anil  exercises  are  given  for  the  use  of  students.  Cloth;  7x9  ins.; 
ahiiui  20*0  i»p.     l*rlce.  $1.00  net. 

Analysis  of  the  Elastic  Arch  By  J.  w.  Baiet. 

'l'\v«»-hlnKi'il,  thror  liinK:ed  and  hingeless  arches  of  Masonry,  Concrete  and 
Sti<'I,  art*  coMHldiurd  In  this  work,  boih  graphically  and  analytically.  The  author  has 
nvnlMMi  (irlKlnal  iiirihodM  and  expedients  whereby  arches  may  be  designed  according 
1 1)  Mit^  t'luHllr  thrnry  wltlioiit  the  laborious  calculations  hitherto  necessary.  Cloth; 
i;x!»  lnH.,  alKnit  ;too  i)p..  with  many  diagrams  and  folding  plates.     Price  $3.00  net. 

I''ull  diilallH  <ii  ilu».o  anil  otluT  publications  will  be  sent  on  request;  also  in- 
formal lun  irKartilhK  any  hookn  of  u  technical  or  general  nature  published  by  other 
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By  ARCHrTeCT5  AND  CONTKACTOR5  to  Orer  i6oo  Cities  of  Amcdca. 


THE  LAWRENCE  CEMENT  COMPANY 

SALES  OFRCE 

No.  1   Broadway,  New  York 


rut  LAWRENCE  CEMENT  COMPANY  OP  PENNSYLVANIA 
PHILADELPHIA:  HuriMia  Baililmfl.  ISIIi  ud  Mt>At6tn*f 


SpecEal  Attention  Given  to  Expon  Orders 
lUuslnited  Pamphlet  on  Cement  Free  Upoo  Application 
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